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3.5.4 SRB PROJECT OFFICE RECOROI:_G, REPORTIr_G ArID RECO,.O,.E:PI;,.._ R:S_O,,sI3_LTT._S

SRB Project Office shall keep complete records, on a test or analysis b_is,

of the configuration of hardware, software and documentation useO to co:_c.;-

the test or analysis.

A listing (or reference to a listing) of the configuration of hardware,

software and documentation, for both the fliqht and ground systems ut_ilze_

during each test or analysis shall be included as an appendix to tile veri-
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-.-i I
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software and documentation_ for both the flight and ground systems ut!]ize_
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1.0 INTRODUCTION

' 1.1 PURPOSE. This volume defines the verLfication pro-
gram for the Solid Rocket Booster (SRB) element of the Spac,. ShuttL,,
System. it is prepared in compliance with the Level II requirement for
a Solid Rocket Booster Verification Plan and is Volume IV of the total

Shuttle Master Verification Plan (SMVP). It describes the requirements

and approach for verifying the capability of the SRB to support the Space
Shuttle System operations. It is the principal controlling document for

Solid Rocket Booster verification activity.

I.Z SCOPE. The scope of this document includes the verifi-

cation effort associated with (1) the SRB element, assemblies, subsys-

tems, and components, (Z) SRB ground support equipment (GSE) and

test facilities, and (3) those element interfaces for which the SRB Project

Office, Marshall Space FLight Center (MSFC), is responsible.

1.3 MASTER VERIFICATION PLAN OUTLINE. This docu-

ment contains the SRB project level requirements to assure that SRB
verification complies with Level II requirements and that verification

is performed in the most coat effective manner. A summary of the
verification process is presented as Figure 1.3-1. The document is

organized to provide the definition and requirements for the SRB com-
ponent, suhsystem and clement verification activities. The documen-

tation required for the program is identified in paragraph 3.5 which

describes the content's of each document and the related organizational.j

responsibilities. The approach toSRB verification will be found in

paragraph 4. I. This paragraph contains the element verification net-

work, a description of each subsystem, and s'absystem verification\net-
works and matrices which provide a cross-reference to the Contract

End Item Specification for the type of verification to be performed to

satisfy the specification requirements during each phase of the program.

Element verification, including final manufacturing assembly and checkout,

prelaunch checkout, flight and post-flight activities are described in

paragraph 5.0. The major ground tests supporting the var_ou_ _i_a_es

of verification are also identified in this paragraph. Finally, the vert_£*

cation of the SR.B ground support equipment is described in para3_raph
6.0.

1.4 VERIFICATION PROGRAM OBJECTIVES. Verification

is the process of planning and implementin_ a pro'._.ram to denaons%rate
that the Shtxttle System Solid Rocket Booster meets a[[ design/perfor-

mance requirements. The objectives of the SRB verification prog:arr.

are (I) support to.the development of the SR.B design; (2) cert:_fication

that the SRB. design meets performance requ[ren_ents; (3) acccpta,-,ce
test and checkout to assure that deliverable SP.B hardware is rnanL;fac_ared

to the certified design; (4) verification that SFt3 hardware, when _n_c-

grated with other Shuttle' elements, meets design/perforrr.ance recuire-

ments; (5)verification by flight and post flight analyses tidalthe 51-_

satisfies operational i-equirernents; and (6) verification that Slk2_ gro_.'-ad
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support equipment and test facilities meet design/performance require-
merits.

The certification of the SB.B will be based upon verification of all SRB

requirements which are identified by the SRJ3 Contract End Item

Specification Part I (CP013M00000A). Final declaration of the SR.B

design integrity will be the Certificate of Flight Readiness (COFR}.

1.5 REVISION. This document wilt be revised as required,

cognizant of program maturation, to reflect changes resulting from. up-
dates to the Contract End Item Specification and changes to Level L[
requirements. All proposed changes to tl_is document shat[ be submitted

in accordance with MSFC Configuration Management Procedures.

\
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• Z. 0 APPLICABLE DOCUMENTS - The following docurr,cnts,

of the applicable revision, form a part of this document to the extent

specified herein. In the event of conflict bct-ween documents referenced

and the contents of this document, the order of precedence shall b(. as
follows:

IO SE-019-019-ZH J

(JSC-07700-10-MVP-04)

Shuttle Master Verification P',an.

Volume IV, Solid Rocket Booster

Verification Plan

Z. JSC-07700- 10-MVP-01 Shuttle l%_aster Verification Plan.

VQlume I. General Approach and
Guidelines.

3. JSC-07700-10-MVP-0Z

B

0

CP013M00000A

Other Applicable Specifi-

cations and Standards.

Shuttle Master Verification Plan,
Volume LI, Combined Element
Verification Plan.

Contract End Item Specification,
Solid Rocket Booster (SR.B)

Z. I SPECIFICATIONS.

!

NASA (Nations[ Aeronautics and Space Administration) "_

JSC SE-R-0006 Gener_;I-Spec[fication, NASA JSC

Requirements for Materials and
: Processes

Z. Z STANISARDS.

Military

MIL-STD-810B Environmental Test Methods for

Aerospace and Ground Equipment

Z. 3 PUBLICATIONS

NASA

NHB 5300.4 (ID-I) SafeW, Reliability, Maintainability
and Qutality Provisions for the
Space Shuttle Program.

JSC-07700- 10,MVP- I0 Shuttle System MVP, Volume X,

Master Flight Assignment
Document
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NASA

js c-_-z-oooz

MSFC SE-0Z0-009-ZH

MMI 8080.5

16A00100A

Z. 4 " DKAWINGS

85M03936]_

Space Shutt[e Cr_sund Support

Equipment, General Design

Requirements

Space Shuttle. _ttd Rocket

Booster (SRJS) ,'_aterials Control
Plan

Policy for Qua[_:'ication of Flight

Hardware and _,_'ound Support

Equipment, Ju_e 1969.

SR.B EMC Contr_o[ Plan

EEE Parts SeLe'ct£on and AppLica-

tion Guidelines :for the Space

Shuttte Extern_'.l Tanks and Solid

Rocket Booster c(ET and SR.B)

/
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3.0 VER/FICATION PROGRAM. The S_RB Verification

program will incrementally validate that requirements established

in the SRD GEl Specification have been met.

3. 1 VER/FICATION PHASES. Six phases of verification

activities- development, certification, acceptance, pre-flighG flight'

and post-flight - will ensure a fully certified SRB vehicle, Verification

in each phase will be accomplished by the methods of test and/or

analysis.

3. g VERIFICATION METHODS. Testimg will be the preferred

method of verification on the SRB program. In the event that testing is

too complicated or costly, analysis may be substit_,Zed.

3.'2. I Analysis. Analysis wilt be used when it can be shown

by accepted analytical techniques that the hardware item wtl[ meet

design and performance requirements.

-"-_n_the basis of cost considerations,

wilt be preferred to other types of analysis. Similarity will be used in

lieu of tests where it can be shown that an article is similar or identical

in design, manufacturing processes, and quality control procedures to

another article that has been previously certified to equivabeat or more

stringent criteria; and that the article has been fabricated by the same

manufacturer using the identical processes, materiais, and quality

control procedure s.

analysis by the method of similarity

3. Z.2 Test. Tests wilt be conducted to verify thata design

and/or actual item of hardware is capable of performing its required

operational functions in the known or anticipated en.,-ironmental con-

ditions. Development tests will be conducted to provide data to sub-

stantiate analysis, to verify design assumptions, to provide confidence

that a designwklt meet certification requirements, and/or to provide

data to certify design by analysis, Certification testing wilt be con-

ducted to subject components and assemblies to specific environmental

conditions, at stress levels and durations greater than those anticipated

during flight, to demonstrate that design and performance require_nents

can be realized. To the maximum degree practical, uniform test

criteria wilt be established for all items to be used in" the same or a

similar ground or flight environment. Acceptance testing and/or

checkout will be performed on each component, subsystem, and _nte-

grated system to verify that the flight hardware meets the design and/or

performance requirements within prescribed ',imits.

Demonstration will be the test method for design and/or hardware verifi-

cation which do not have specific parameters identified. An exal-np'_e of

a requirement that will be verified by demonstration is transportability.

Inspections performed in accordance with an approved inspection pian

will be the test method for physical characteristics and interface i-equirc-

ments. Major emphasis will be placed on accomplishing these verif£cat_o:',

inspections in conjunction with Configuration inspect-ions.
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3.3 VERIFICATION PROGRAM POLICIES. The fo',lowing
policies witl be used to direct the S RB verification program. These

policies comply with the requirements as stated in the Shuttie Master
Verification Plan, Vo[. I,

3.3, I Integration of Results and Data from Test Activities.

Component, subsystem, and integrated element testtn_ will be pianned

to support the SRB and Shuttle System development and verification.
All test activities from development through vertical fiight will be

directed toward satisfying operational requirements o£ the Shuttle

Program.

Maximum usage of all test and/or analysts data witl be made in order

to: I) develop and standardize format checkout procedures, 2) estab-

lishperform#nce trends, 3) support maintenance planning, and 4) assist
in the resolution of anomalies. All verification data will be maintained.

Testing which uses Computer systems as a portion of the test support

shall utilize the Orbiter data processing system where such use wilt

avoid duplicate or excessive ground support computer systems.

3.3, Z Acceptance Criteria and Tolerance Bands. Pass-fail

criteria or acceptance tolerance bands based on design requirememts

willbe specified for all tests. Acceptance tolerance bands at the

manufacturer's component or subsystem [eve[ will be based on allow-

able operational tolerance bands, These operational tolerance bands

will be progressively adjusted/normalized at the upstream acceptance

points to allow for tolerance buildup experienced during subsystem and

element acceptance checkout.

-----_-l_e-tote-rance band for a given specification value will inciude instru-

mentation accuracy; facility and support equipment stimuli tolerance"

test specimen tolerance stack-up or expected variation from specimen

to specimen; external environment (pressure, temperature, humidity,

etc.);test influence variations; and component aging. The root sum

square (RSS) method will be used to combine tolerance methods. Where

the RSS method is not appropriate for a specific situation, other statis-

tica[ approaches that consider all of the factors a[fecting system accuracy

may be used if specified in the appropriate test plan. As a genera[ guide-

line,the tolerance limits wi|l:

ae For testing, be as wide as possible to meet the test

objective and minimize the accuracy requirement of

the GSE.

bo In test and checkout, be equal to or greater than factory
limits.

Co In test and checkout,

limits.

be equal to or less than mission

?.-2 CHANGE NO.



3.3.3 H a.zardous Operations.

3.3.3,1 Failure Mode Effect Anal),s:,.s.(FMEA). The verifi-

cat:,onprogr_-z will confirm that hazards identiiied by FMEA and by

other studies such as hazard anaiysls and sneak circuit analysis have

been eliminated by design changes or reduced to an acceptable level

through the use of appropriate safety devices, warning devices, or
special procedure a.

3, 3, $.Z _.

a. 1R'andling and te_t operating procedures will contain identifi-
cation of hazardous operations with words "caution" or

• '_'_arn/ng" prior to beginning of hazardous steps and a
statement advising when said series of hazardous steps
h_ve been completed.

b. F-rnergenclr and shutdown procedures to prevent injury

tJapersonnel and/or prevent damage to hardware will.be

gnctuded in all test procedares.

%

3.3._.,3 Operational Readiness Inspection. AnOperationa[
Readiness Irzspection (OR/) will be performed'prior to performing an),

operation _r. test.which (a) is potentially hazardous to personnel or

hardware, (th)has high risks in terms of program importance, or

(c) involves_ test hardware, facilities, equipment or effort having high
dollar value_ The OR/ shall include a safety assessment of facilities,

equipment, _es.t&rtic[es, operational procedures and personnel capa-
bilities.

t

,-, ,_ _;
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3.4 SRB VERIFICATION PHASES

3.4. 1 Development Phase.

3.4. 1. 1 General. During the development phase program, the

SRB subsystem managers, under the direction of the SRB project c,ffice.
will be responsible for the implementation and control of design evalua-
tion and/or data gathering activities to select and prove the feasibility

of the design approach. These activities will be conducted with minimum

rigors and controls by various MSFC design/test laboratories and/or
designated contractor hardware developers, to provide an engineering
data base. The data base will support manufacturing processes, quality

control procedures, operational hardware design, production, verifica-
tion, maintenance, and Checkout activities. The data base will also be
used to demonstrate to a desired confidence level (1) that the selected

configuration will satisfy combined performance requirements under
ambient and/or selected environmental conditions, and (Z} that the estab-

lished manufacturing processes and quality control procedures will pro-
duce acceptable hardware which will accomplish mission objectives.

Development activities will include such tests as materials and processes.
design feasibility, breadboard, and wind tunnel. Development tests .will
determine failure modes and safety factors. Certification canb'e per-

formed during the development phase only if predeclared and provided

that the requirements stated in Paragraph 3, 4, Z. Z. 1 are met.
i

3.4. 1.Z Development Requiremenfs. Requirements for the

development program will include but not be limited to the following:

3.4. l.Z. 1 Representative Hardware. Development test hard:
ware will be representative of, but not necessarily identical to, certifi-
cation hardware. \

3.4. 1.2. Z Testing for Certification. Each SRB subsystem man-1
ager will determine when the design has progressed to the degree that
testing for certi!ication may begin. Requests to perform tests for certi-

fication will be approved by the subsystem manager.

3.4. 1.Z.3 Test Records. Development tests will not be subject

to the rigors and controis associated with certificate, on and acceptance/
checkout programs. However, adequate records of development test
hardware configuration, test results, and other pertinent data will be
maintained so that this information can be made ava_lable to supplement

other portions of the verificationprogram as required.

: 3.4. 1.Z.4 Software Integration. Early software integration will
be a key program goal. The Electrical and Instrumentation Verification

Test Program will be utilized to develop and verify the ground support

equipment software and checkout procedures required for final manufac-

turing assembly checkout of the flight equipment.
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3.4. {.Z. 5 Maintenance Requirements. Hardware maintenance

and/or replacement requirements will be refined in the development test
program.

3.4.1. Z. 6 Downstream Test Procedures. Experience gained
during the development phase will be utilized to develop certification
and acceptance test procedures.

3.4. t.Z,7 Nondestructive Testing. New nondestructive testing
techniques will be verified during the development teat program.

3.4. I.2.8 EMC Analyses, Electromagnetic compatibility (EMC)
analyses will be performed on components and subsystems to support
hardward design and installation selection during the development phase.
EMC testing should be minimized and limited to that necessary _.o re-
duce the risk of finding significant problems in the final EMC verifica-
tion during vehicle integrated testing.

3.4. I.Z.9 Sensor Locations. Determination of the adequacy of

sensor locations for development flight instrumentation and operational
flight instrumentation will begin during the development phase,

3.4.1.2,10 Use of Analysis. All development requirements
willbe satisfied by the maximum use of test, supported by analysis.

\

3.4. I.Z. 11 Overstress and Fail-Safe Testing. If applicable,

overstress and fail-safe testing will be conducted utilizing development
test hardware after completion of all other development tests on the
item(s) of hardware to be overstress or fail-safe tested.

/

3.4.1.2.12 Tolerance Buildups. Development tests will be de-

signed to determine the effects of tolerance buildups and design para-
meter drift.

3.4.1,2. 13 Off-Limit Teatin__. As a general guideline, off-

limit testing will not be conducted. However, off-limit testing will be
considered:

a. When design margins are relatively small with respect to
to off-nominal abort conditions.

b. When uncertainty exists in the definition of the design
criteria. \

c. When single-point failure modes exist.

dB When failure mode analysis indicates that a credible proha-
bility of associated hardware failures will create an off-
[fruit condition.

°
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Testing of this nature must have prior approval by the SRB
project of_Yceand must consider preservation of _zertification
hardware.

3.4. 1.2. _4 Material C,)m_atihility. Materinl c,(n,malil,ilily

wilt be verified ag;ainst NASA certified data. Where nc-_. mal er,:_l_ (i,_-

eluding fluids and/ non-metallics) are to be used, or exis_fng materials
are to be used urtder new conditions, or where existing: d a:ta cannot be

traced to accepted materials, testing will be performed. :at the material
level to establish material property values. Excluding _t_e SRM, sub-
system materiat_ selection and verification will follow _,he procedures
contained in MSFC SE-OZ0-009-ZH, SR[3 Materials Con:t:rol Plan. Selec-

tion of materials trsed on the SRM subsystem will be in a.ccordance with
35C SE-K-0006, .ISC Requirements for Materials and l_-ocesses.

3.4. I.Z. IS Structural Tests. Structural :estsr will be per-

formed to deterrrti/nethe ability of a structure to withst_and predicted

static and dynami.c forces which may be encountered ir_, assembly,

storage, transportation, handling, testing, flight, and x'ecovery. Struc-
tural tests will he performed on the largest practicable :assemblies of
structura[ hardware.

• , oI,

3.4. I. Z. I6 Interface Compattb, t_ty. Compati_;iHty tests will.
be conducted to arrive at the proper physical, functionail, and opera-
tional interfaces of mating hardware.
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• 3.4. Z Cert!.:icat!or..°>.>_c.

3.4.2. i G,,r..'.ra]. Ccrt.fica:_oa coas!s:s of.-.iL qaallf!c:.:ioa

tcsts, major .Zround tests and o_hcr tests and analysis require/ LO dc-

tc.-'minc that the deaign of hardware and sof_va:c from d_c cor,:poncr.:

tLrou_h the subsystem level mccts requircmcr, ts.

Qualibcadcz :cs_s wi!: be co:.duc:cd as part of :>.e cer_!fica'.io:: n.'o_ra;r
tc demonstrate the.: de-; _ " " " • "_._,. ani oc"for,?,ancc -'dcuirc:i','cv._s -.-.noe re:.',;--,-.(;,

u;',dcr specific environmc .... i conditions. All.b.c-._-.--:--,.;int :'.arawarc,

software and se[eczcd GS.?. will bc certified. Ce-':fica_ien re

cuircnaents will be based on verifying all --: .....p_,-_.o ....... cc and desi.-n re-

quirements which are imposed on each component and subsysten_.

A Certificate of Qualification (COQ) ,,,,,illhe prepare/ b'/ the respo:::;iblc

development org ;_-_" ' , ....an.__,_on for eac.n item re<nit- -_ c¢r_il.c&_ion u_in_

MSFG Form 511 or an equivalen_ form. The COQ's wi!! be forwarded :o

the _V.S.,-"C P,eiiability and Quality Assurance Office (z'I&QA) for a-._mroval
and file maintenance.

MSFC Management instruction (M_) 8080.5, Policy for Qualification oL

_?',ighthardware and Ground Support Equipment, defines the oolicies,

responsibilities, and administration of qualification ac:ivitics which, as

applicable, will be adhered to during the certification activities.

The end product of certification is the establishment of a Certified

!-iardware List (CHL). The MSFC R&OA Office is rcsponsible for

establishing and maintaining the GHL for at[ SR.?_ certified items.

iVigurc 3.4. Z. I.I shows how the SRB certification activities fit into

the ovel-akt verification program.

3.4. Z. I. I Piece Parts. ElectricaL, electronic, and electro-

mechanical {EEE) parts are certified and/or selected through a scbara'_e

nian "_sing XASA docurnen: 85M03936B and arc not a part of :ne*c ccr-

zificatio_i guidelines. Mechanicalpiece parts &haLL he se'Lec_ed in accor-
dance ,.v_thTBD.

3.4. Z.2 Cer_if[cati0n Acc,i_.rerP_.cnts.

• 3.4.2.2. i DeveloDmenz _fes:tn,z. Certification requiren-,ca:s

may be sa'_isfied during deveiopmen_ _csLir,g it, _ho_e cases where L:_c

following ¢riter_.a are met:

• . _.. Prior approval of :he _'vISFC SP.B Projec: Office ia .oLzlin,ca.

h. The intent to use the test for certification is dcciared prior

to the _est.

¢. Prod_ction hard,are configure/ion is used or X{SVC 51k3

Project Office approval is ob_,ained for any differences in

, configure=ion.

Ch_nge 2.o. 3

3-7



- _+" _

7". '
,Z

,.- ,.++
7-",..,

r;"

!;

?

7.

-y

.o



el. Test equipment and facilities have been certified.

e. Quality controls are maintained during the test.

Documentation delineating test requirements, proce-

dures, and pass-fail criterlahas been approved by the
MSFC SRD Project O//ice.

gD F_tnctional tests are performed on the test hardware prior
to and subsequent to the certification test. The /unctionaI

tests wilt conform to acceptance test criteria.

h8

p

A final report is submitted to the MSFC SRB Project Office
describing Configuration and signLficant events, mcludmg
failures and teat results,

3.4. Z.Z.Z Redundancy. Where redundancy within a component
or assembly is required, certification will assure that the redundancy
capability is verified.

3.4. Z.Z. 3 Mature Designs. Mature (off-the-shelf) hardware
will require full certification. The major part of this certification,

and in some cases the full certification, will be accomplished by anal-

ysis. Hardware capability will be evaluated and documented utilizing
a matrix which will compare Shuttle requirements with the rcquirements

met by the mature hardware. Areas such as configuration, performance,
and environment will be considered in the matrix. When mature hard-"

ware meets Shuttle requirements, the hardware will be considered fully
certified. Where Shuttle en_ronments are more stringent, or where
previous certification did not include all Shuttle environments, or where
minor modifications have been made, additional certification w:,ll be

performed on the design modifications and/or more stringent or addi-
tional environments only.

3.4. Z.Z,4 Pre-Certification Acceptance. Fuji acceptance test-
ing will be conducted on aH test specimens prior to qualification tests.

With prior MSFC SR.B Project Office approval, portions of the accep-

tance test may be combined with the qua[ificationtest and made to he
a part thereof.

3.4. Z.2.5 Certification Limits. Certification wilt be structared

to verify the full range of the design requirements, except as indicated

under life certification guidelines.

3.4. Z.Z.6 Test Assembly Level. Testing will be conducted at

the level Of assembly which is most cost effective for fulfillin_ certi-

fication requirements. Qualification of an [ten% by test of a higher

assen_bl¥ will limit its usage to that assennbty un'ess complete environ-

mental dataL is recorded for the particular item within the higher as se;_,-

bIy. Qualification of an item by test of a higher assembly or module

3-9
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is acceptable provided the item being qualified is subjected to stress

levels and time durations during the higher assembly test which are

equal to or higher than the environmental qualification levels and d,ra-

tions specified for the item in the proposed application. Interactions

between the various components and subsystems must be considered

and evaluated when individual hardware items are qualified as part of

a higher a.ss_mbly" test.

3.4. ZoZ. 7 Number of Test Specimens.

as

b.

Each MSFC subsystem manager is responsible for determin-

i.ng the number of test specimens required for certification

with concurrence from the responsible MSFC design group.

The number of specimens selected shall be sufficient to

yield a significant level of engineering confidence.

Normally,, there shall be a minimum of two samples,

each undergoing all tests in the qualification series•

Consideration may be given to using one sample when

dealing with very large or extremely expensive compon-
ents.

el

d.

The number will be that wl_ich is required to demonstrate

the design in applied environments and which is sufficienL

to certify the design, including satisfaction of the life cer-

tification requirements given in paragraph 3.4. Z. 2. 11. ""

Every effort wiIlbe made to keep the number of specimens
to a minimum.

t

?

Sarnpte sizes wilt not normally be selected to statist:catly

demonstrate hardware reliability.

I

3.4.2. Z.8 Configuration. Qualification test hardware will be

of the same configuration as the flight hardware and fabricated by the

same manufacturer using identical processes, rr.a.'.erials, an- qua:,i_y

control procedures, unless differences are formally approved and

adequately documented. Hardware ",_,iiibe s,_octed rand,_r_-..lF fron_ a

norms[ production run. If first production ite.-_c,sare se[eczed, then

all subsequent production items shall be produced identically to _he
selected test £tems.

3,4. Z.Z. 9 Specimen Installazion. When flight hardware wil!

potentially be affected by mounting, .:he qualification tes_ hardware

will be mounted in a _nanner simulating the,actual instai[ation in the
flight vehicle.
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3.4. Z.Z. 10 Environmental Conditions. The SRB environ_,en-

ta[ requirements will be defined by the SRB CEi Specification CP0i3-
MOOOOOA.

Specific environmental criteria, i.e., thermal, vibration, acoustic,

etc., not defined in the CEI Specification, but required to satisfF cer-

tification requirements, will be derived from the data contained in the

CEI specification. The test requirements, tolerances ant methods

identified [R,the CEI Specification wilt apply. The test methods

defined inMiL-STD-810B, Environmental Test Methods, ,,viiibe

used £f the C_EI Specification does not provide test methods for any

specific certification requirement.

Environment_l conditions which occur during transportation, handling,

assembly, checkout, and storage and wl-ich exceed the certification

criteria iderL_ified in the CEI Specification, will be factored into the

certi_.cation program.

3".-4ZZ;Z,11 Life Certification. Environmental and operational

designlife certification is a program requirement, The requirement

must be individually specified for each component or assembly, con-
sider£ng its design, criticality and maintenance requirement. Life
certificatiorLmay be achieved by test, analysis, or a combination there-

of. A test duration less than design life is acceptable for certification
if a shorter duration is supported by analysis or relatable test experience.

Except for the development flight hardware which will be certified for o_e

mission cycle, these shorter duration life demonstrations will not be less

than twenty riormal mission cycles. A single mission cycle consists of

the aggregate of acceptance, buildup and assembly, stacking, pre-launch

chectcout, flight/recovery, retrieval and refurbishment/turnaround acti-

vities.

3.4._,2.1Z Environmental Test Survival. If operational test
hard'are is not operating during an environrrental certification test,

a functional test will be performed on the test hardware after each

such envirommental exposure. The functional test will determine

v;hether the.test hardware "isperforming within specification tolerances.

3.4._.2. 13 Failure ReDortin_ and Ccrrective Ac:ion. A

failure or unsatisfactory- condition encountei'ed cdring qua,i.Tcat';on te__t-

ing w_l[ require reporting and positive corrective action in accordance
with NHB 5300.4 (ID-1).

3.4, Z.2. 14 Preservation of Test H_.rdware. Qualification test

hard_v_re w£tt be preserved 1or recertif/caticn acz.vit_es w?,cn dctc:r-
mined to be cost effective. Hardware items eubjected toquaiifica:ion

testing shall be so identified and shall not be utlized as flight hardware.

3.4. Z.Z. 15 Compatibility w'th Fluids. All hardware co:._A__g
in contact wi_h fluid(s) will have certification o[ cornpatibiii_¥ wi_h :'.',e
fluid (s),.

• 3o11



3.4. Z. Z. 16 Test Facilities and Equipment.

a, Test facilities and equipment, including associated data

acquisition and reduction equipment, will be suitably and

properly configured /or the purpose of the qualification
test and wilt bear evidence of valid and current calibration.

be GSE hardware _teme subjected to qualification testing will

not be utilized in support of flight operations. Exceptions

to this restriction may be allowed on a case-by-case

basks by submission 'of a waiver to the cognizant Science

and Engineering technical organization, provided:

.l. The qualification tests to which the item was subjected

were not of a destructive nature.
/

Z. The operational time duration involved in the qualifica-
tion tests has not been excessive to the extent that the

remaining operational life of the item is inadequate

for its intended usage.

3.4.2. Z. 17 Recertification. A Certificate of Qualification

shall be withdrawn from an "APPROVED" status andpiaced in a

"QUESTIONABLE" status pending hardware recertification when:

a. Design or manufacturing process changes have :been

made which affect function or reliability.

bo Inspection, test, mission change, or other data indicates

that a more severe environment or operating condition

exists than that for which the hardware was originally
te sled.

Ce

d.

ej

The manufacturing source is changed.

Changes are made in a_specification, manufacturing

process, or procurement source for any fluids or other

materials used in processing or operating the hardware.

Significant component failures or anomalies occur during

repeat qualification testing or during vehicle/stage

checkout.

f. Recurrent failures occur under circumstances not covered

in paragraph 9 a through e above, such as repetitive failures

occurring during acceptance inspection and testing.

All such events shall be immediately reported to the cognizant Science

and Engineering technical organization, and the COQ sha_.i be retained

3,12
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in a "OUEST[ONABLE" status until engineering investigation or analysis
indicates whether the COQ should be returned to _he "APPROVED" status

or changed f_oan "UNAPPROVED" status.

3.4. Z.Z. 18 Electromagnetic Compatibility and Li_.htnin_
protection.

_o Ce.rti.fication will be accomplished ait the subsystem
and/or individual equipment level te verily that the SRB

will meet the EMC and lightning prc_'tection requirements
of paragraph 3.3.5. 1 in the SRB CEi Specification
CP013M00000A.

b, Final EMC verification will be perfsrmed during the
element level integrated checkout by de.monstrating com-

patibility in accordance with the SB.B EMC plan 16A0_100A.

3.4. Z.Z. 19 Unattained Obiectives. if any objectives are unat-
rained upon completion of a qualif/cationtest, resolution by the MSFC

SKB Project Office must be obtained before the test setup can be torn
down. If a= 7 acceptance criteria controlled by a technical specification
is not attair_ed in a qualification test, a waiver from the MSFC SB.B

Project Office will be required.
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3.4.3 Acceptance and Checkout

3.4. 3.1 Genera[, Acceptance of equipment will take place at the
manufacturing source whenever practical, This will provide the inspec-
tion and testing rigor necessary to assure that lunc._onal pre-installa-

lion testing by the element contractor will be minimized. Consideration

will be given to pre-installation acceptance tests or inspections on com-

ponents prior to installation into the next higher Level oiassembiy when

any o£ the following circumstances exist:

a.

b.

No previous acceptance test was completed.

Acceptability cannot be verifLed by test of higher level of

assembly,

Ce

d.

Significant time has elapsed since the la_st test. Such ,,
period shall be determined from the age/life characteris-

tics of the component. \

The component, once installed in the next higher assembly.
is difficult to remove and requires signi_cant schedule "_

time to replace. -

el Prior failure history of the component i-dicates the need

for pre-installatlon testing.

f. The component, once installed in the next higher assembly,

bFits failure could damage the next higher assembly during

test.

3.4.3. g Acceptance Requirements

3.4.3. Z.I Controlled Environments. Test a-rodpre-test storage

environments and conditions will be controlled to pr_ent compromising

the quality and/or reliability of the article.

3.4.3. Z.Z Test Facilities and Equioment. Test,facilities and

equipment will he suxtab[e for the purposes of the test and will bear
evidence of valid calibration.

3.4. 3. Z.3. Tolerance Band. Each measured parameter for

acceptance testing will have a specified tolerance band of acceptability.

3.4. 3 2 4 Government Furnished Ecuiornent GFE will be

acceptance tested by the supplier and, after Xnstaiiat{.on in deliverable

end item hardware, will again be tested and controlled as part of

that eng item.
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3.4.3.2.5 Testing Control. Acceptance testing will require

rigorous control, inspection and documentation t.:o. assure that the SRB

element and applicable software, procedures and GSE meet the speci-

fied requirements of the Shuttle program. ,.

3.4.3'2.6 Redundancy. In-process chec_0ut of alternate and

redundant functional paths and modes will be reqr./Eired on deliverable

components. Checkout of alternate and redundal_t functional paths and

modes will be required on deliverable cornponent_. This will be accon_p-

fished with minimum disturbance and at the mos= practical level of

assembly.

3.4. 3.2.7 Burn-ln. Burn-in will be performed on hardware

where aging is a factor to reduce early operatiorzal failures. Electronic

piece parts normally fall into this category. The development flight

equipment listed in paragraph 4. Z.l is not required to adhere to this

paragraph.

3.4.3. Z. 8 Wear-ln. Cycling tests will ha:performed on hard-

ware where a wear-in period is required to ass,_re proper seating or

c ondit ioning.

3.4.3._-.9 Environmental TestinB. Environmental acceptance

testing will be performed on selected hardware to _screen_out manufactu-

ring defects, workrnansh[p errors, and incipient failures not readily

detectable by normal _nspection techniques or through funct[on_l test.

3.4. 3.2.10 Reacceptance. Reacceptance_ay be required when-'
ever (I) the article or material does not meet the contract or contrac-

tor specifications requirements, or (2) the inspec_ion or test performed

is not in accordance with test specifications or ir_,._pection and test pro-

cedures, or (3) the hardware malfunctions, or (4_}modifications, ,repairs,

replacements, or rework of the article or n-,aterkal occur after the start

of inspection or testing, or (5) the article or material is subject to drift

or degradation daring storage or handling (periodic. intervals for reln-

spection or retest will be established), or (6) spec:if_ed by the Material

Review Board (retest will be limited by consideration of remaining

useful life and operating time for certification).

Reacceptance will not always require a complete functional chccko,lt of

the subsystems involved. It may consist only of a 'verification of the

disturbed interfaces and a functional demonstratio_ of replaced line

replaceable units (LIEU).

3.4.3.2. II Integrated Acceptance Checl.out. Each SRB end
item wi[[ be subjected to an integrated acceptance _:heckout after assembly.

This test will be structured to demonstrate to the extent possible the

satisfactory construction, operation, and perforrn__:nce of the ;_tet-c,.

This test will minimize the need for formal in-process or subsy._=c,'-n

demonstrations during or following assembly or after any operation that

would require reacceptance testing.

3-15
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3.4.3.2.12 Use o[ Operational Signals. Tests of subsystems

installed in the flight vehicle will use operational signals as stimuli.

insofar as possible.

3.4.3.Z. 13 Preceding Flight Data. Fu[| utilization will be made

of subsystem performance data fron_ the preceding flight to :'ertfy sys:err,

performance and minimize ground checkout requirements [o_" ti_e ncx_

flight.

3.4. 3, 2. 14 Proof Testing. Proof testing will be accomplished as

required to satisfy the fracture control requirements of the S_B CEI

Specification.

3.4L 3.7. 15 h,'ondestrucdve Testing. Nondestructive test
verification methods and procedures will be developed to s_pport launch

and turnaround operational requirements.

3.4, 3, Z, 16 Acceptance Test Ob)ectives, Objectives of each test
to be performed will be c[earty stated in the acceptance test procedure.

Test objectives wi_[ be formulated from test requirements. Generak

test objectives are as follows:

a. Verify proper performance.

Do Record component operational ranges and normal operating
Hmits. '"

c. Detect marginal operations.

dm

e°

Note unique or unusual operating characteristics.

Detect design, manufacturing, and/or quality problenns.

f. Provide test data for later use in analyzing component,

O, Lenns or degradation.subsystem, or e[ere,ent _r h

g. Assure no handling dan_.,age has occurred.

/h. Verify component configuration exac_ty agrees with con-

tractura[ requirements.

3.4. 3. Z, 17 Reverificat_cr, Criteria. Ti,c fcl!cwir_g z;,inL_,_rr, ze-

verification criteria will appiy curing turnaround operations:
\

a. Active and passive functional path5 (EP) affected \v_ii b-_
reverified if:

_) A faiture or an anomaly has occurred [n the FP aur:n_

the last flight.
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(Z) The FP is scheduled for active use on the next flight

and was not active 0:%the last flight.

(3) The FP wae (or may have been) disturbed since the last

flight due to maintenance, servicing, or modification
activities.

(4) The FP was completed (i.e. made/connected) since
the last flight due to mating or modification activitLes.

(5)

(6)

The FP was not used since expusure to a hostile flight
environment and has not been shown to be insensitive

to such environment by analys:_s or experience. Daring

initial turnarounds, all FPs will be reverified. The
number of FPs to be reverified will be reduced with time

based on early experience.

The FP'is (or may be) neededen the next mission and
the down-time was excessive.

All active redundant F!m's and all energized passively re-
dundant FP's will be reverified if rtecessary to assure that

the vehicle is safe to launch (even i_ reverified previously
per item a above). This reverificat_on shall include items
identified in the Critical Items Lise <CIL).

.,A

LRU's removed from the vehicle for field m_intenance m,,st

be reverified prior to reinstallation in the vehicle. Functional

verification of the affected paths within the I.llU w_ll suffice
when the repair _nvolves repiacern,.nt of shop replaceable

units (SRU's) only. Repair involving more than SRU's (i. c.
soldering, potting) will necessitate complete acceptance

testing of the LRU, including environmental acceptance
testing when applicable.
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3.4.4 Pre-F'li_ht Phase

3.4.4. [ Germral. Pre-fiight phase activities c,msist nf _'innl
rnanufacturin_ as ste_nbly and checkout, buildup ol the bonstcr assc_i,lies,
stacking of the bcm_ter assemblies on the Mobile L,_-/_dr Platform,

intc_rated tests, a_ launch.

3.4. 5 Fligt_t.

3.4.5. I G_=eral. MSFC will be responsible for SRB flight data
analysis to insure acceptable performance of the SRB element and to

initiate any desigrtc_hanges required to assure SRB performance in ac-

cordance with Sku_e System objectives.

3.4. 6 Pos:t-FliKht.

3.4.6.1 G_eral. Post-flight activities will include retrieval
and turnaround of _he SRB, MSFC will evaluate retrieval and turn-

around activities _axi equipment operation during the DDT&E phase to

assure SRB equipm-ent capability of supporting shuttle system opera-
tional flight req_ir_-nents.

Maintenance _ecl_m_q3aes and procedures will be verified "during this

phase.

!

i

J,'
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3.5 RESPONSIBILITIES AND DOCUMENTATION REQUIRE-

MENTS. This section defines the planning and implementation of t]_e

SRB verification progr.am and requirements for preparation, _'evicv, and

approval of program documentation. Implementation of the SrZB verifi-

cation program will be initiated by the preparation and release of the

first tier documentation prescribed under Volume IV as shown in Ex-

hibit 3.5. Z- I. .

3.5.1 Responsibilities. Exhibit 3.5. I-I lists the major respo_',si-

bilities and %ssociated documentation that govern the SRB suhsystcn_

managers in implementing the SRB Verification Program and in forn-,u_at-

ing the detailed program plans. As indicated by the Exhibit, each 5P_b

subsystem manager will be responsible for implementing and controlling

the verification program at the component and subsystem levels, white

the SRB projec_ office will be responsible at the element level.

3.5. Z Documentation Reauireme-,ts. The documentation svs_e_,--_

established for the SRB program is illustrated_in:/Exhibit 3.5. Z-l. _]_c
contents of each document are summarized inExhibit 3.5. Z-Z. The

total verification requirements are expanded and grouped into individual

requirements according to the phases of the SRB subsy_te.ra verification

program. These l'equirements documents form the basis and justifica-

tion for the component, subsystem, and element test programs. Imple-

mentation is carried out through lower-level detailed plans and proce-

dures, Data from these programs will be used to certify the SRB as

flightworthy and ready for operational status.

3.5,3 Verification Status. The SRB Project Office will maintai'n

an overall status of all verification documentation and verification activi-

ties based upon inputs furnished by the SRB subsystem managers. Status

information vgill include documentation requirements, responsibilities

and schedules for the preparation o: all verification docurr.en,a,,o,n, a..d

responsibilities and schedules for the implementation of all verification

activities prescribed in the prepared documents. Status inf6rrnadon in

turrrwill be provided to JSG as required to furnish overall visibility of

the SRB verification program.

3.5.4 SRB Project Office Recordinz, Re:_ort[n_, a:-.dRecor(!- !:

keepi.ng Responsibilities. SRB Project. Off_ce ska_l keeo comole_e i'ccords ,!
-- • J a

on a test or analysts basts, of the conf[guration of hardware, soit-,vare and

documentation used to conduct the test or anaiTsis

3-19
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EXHIBIT 3.5. Z-Z: SR.B VERIiZlCATION PROGR/;sM DOCUMENTATION

Shuttle Syst_-n FIig_ht and Ground System Specification, JSC 07700 %'oi.X

Provides rzqu[rern,en%s definition for shuttle sy_-t_emperforrnance,

de sign and _erlfLcation.

Shuttle Maser V'er_fication Pian...Vol. I, General Approach and Guide-
tines

Provides g__/id:elines for development of individu-._/[ and combined ele-

ment master ve=i£ication plans.

Shutt[e.Mas_er VerilicationP[an Vol. II, Combira,ed Element Verifica-

tion Plan

Provides resquiremen_s definition for shuttle systtem combined element

Major Gro_md Tests

Contract Er:d:.I'tem Specification, Part I, Sb[id R'._ocket Booster (S_B)

CPOI3MOOQOOA

Provides requiren'tents definition for SR.B perfon-,mance, design and

verificatio_r_ Interlace requirements included b;_ reference to the

appr oprkat_ LCD' s.

Shuttle Mas_cer Ver_£ication Plan Vol. IV, Solio_)Rocket Booster
Verification- Plan "

Defines verification program applicable to Solidi,Rocket Booster.

Contains S I_B[ Level requirelnents and p[anning ii_forrnat:,on. Generated

and maintai:_redby the MSFC Systems Integratiom Branch, SA&£

Laboratot3r,

Subsystem: .Develop'meat Plan

Define s_h_ystem components, schedules for testing, and resi_on_ibie

test organiiz_tion. Component engineers interface directly xvith test

[aboratorie_'s_with test requirements. Generated by subsysce='n Ynanagers;

supported _: development ol'ganization. Selected review by N4SFC

K_QA Offi._e. ',

Con=ponent De ve[ol_rnent Test Requirenaents "

Identify tes%_a" to be performed, requirenaents, c_riteria, constraints,

test seq_e_-e and r_urnber o[ test specimens. Define hardware

orientatio_z_or test and ideniify configuration. Generated by devc[os-

meat orga__ization; selected review by MSFC R_QA Office.
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EXHIBIT 3.5. Z-Z (CONTINUED.)
Q

Development Test P,'ocedures

Define (I) requirements to be satisfied, (2) test sequence, (3) required

test equipment, (4) pass fail criteria, (5) test configuration (6) data

sheets, (7) reference documentation.

Generated by testing organization; review and approval by developmen_

organiza_ ion. Monitored by subsystem manager, selected review by

MSFC R&QA Office.

,j

I
!

I

I

Development Test/Analysis Reports

Include brief discussion of (I) test/analys_s results and failures,

(g) references and requirements, (3) test/analysis methods (4) test

equipment list, (5) data requirements, (6) failure criteria, (7) test

results (8) functional data sheets (9) environmental data (_0) vibration

PSD plots, (_l) shock plots, (IZ) temperature tog sheet (i3) p'hotographs.

Test reports generated by testing organizations. Review and analysis

by development organizations. Monitored by subsystem managers.

Selected review by MSFC R&QA Office.

Analysis reports generated by development organization; monitored by ""

subsystem managers. Selected review by MSFC R&QA Office.

A listing (or reference to a listing) of the configuration of hardware,

software and documentation, for both the flight and ground systems

utilized during each test or analysis shall be included as an appendix

to the test or analysis reports.

Subsystem Certification Requirements Docurr,,ents

Define subsystem level certification requirerr_ents, me:hods and test

location, [.e. , EIVT, static firing, etc. Contains a-s a minimum,

subsystem description, test requirements, criteria and constraints,

test sequence, degree of configuration control (hardware, /ocurnenla-

lion, soft_'are), major cohtrol points, and rcport[n_ requiren_ents to

be met by testing organization. Also included will be arr, atrix defin-

ing each environmental condition to be evaluated versus all subsystem

components showing the method by which each ",vilibe certLficd. All

subsystem level requirements to be reflected in the co}rn_,onent cer[ifi-

cation requirements documents will be specified.

Generated by subsystem managers with support from development

organizations. Review by MSFC R_(DA Office. Submit to 5hut,qe

Program Office and systems contractor - -
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- EXHIBIT 3.5. Z-Z (CONTINUED)

Component Certification Regu:,rements Documents

Define component level certification requirements, including method o;

certifying each. Minimum requirements include component descrip,: -LLon,

test requirements, criteria, and constraints; number of test specimens

required; location (i.e. ,"in-house, supplier); configuration control

(hardware, documentation, software); schedules; reporting requtren',cnts,

and certification requirements matrix.

Generated by subsystem manager; supported by development organ:.zation.

Review by MSFC R&QA Office. Submit to Shuttle Program Office and

systems contractor.

Certificati'on Test/_Analys[s Plans

Contain detail implemev4;ation data to satisfy requirements specified in

certification requirements documents. Identify how test/analysis will

be performed. Defines test equipment and facility requirements, Includes

test hardware flow schedules and personnel requirements: Specify docu-

mentation required, i.e., schematic diagrams, ICD's, etc. For analysis,

define, as a minimum, (l) methods to be used (Z) guidelines to be followed

(3) requirements to be satisfied (4) data inputs required, i.e. , test data,

if applicable, (5) results to be achieved.

Test plans ger_rated by testing organization; approved by' subsy'stem

managers. Review by development organizations, MSFC R&QA Office

and Shuttle Project Office. Analysis plans generated by development

organization; approval and review same as test plans.

Certification Test Procedures

Detail test operations including (I) requirements to be satisfied,

(Z) step-by-step tes_. sequence, (3) required test equipment (4) pass/

fail criteria, (5) test configuration, (6) data sheets, (7) reference

documentation.

Generated b F testing organization; approval b F subsystem managers.

Review by development organization and NISFC R &QA Office.

.C_.ertification Test/Analysis Reports

Include (I) brief discussion of test/analys_s results and failures,

(Z) references and requirements, (3) test/analys_s me_hods (4) test

equipment list, (5) data requirements, (6) failure criteria, (7) tesz

results, (8) functional data sheets, (9) environrr_ntal data (10) vibra-

tion PSD plots, (ii) shock plots, (IZ) temperature log sheet

{13) photographs. _. _\
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EXHIBIT 3.5.2-Z (CONTINUED)

Test reports generated by testing organizatLons, Review and analysis
by development.organizations. Approval by subsystem managers.
Review by MSFC RhC)A Office and Project Office:_

Analysis reports genera, ted by development organizations. Approval by

subsystem managers. Review by MSFC R&QA Office, Shuttle Project

Office.

A listing (or reference to a listing) of the configuration of hardware,

software and documentation, for both the iq.ight and ground systems

utilized during each test or analysis shall be included as an append_.x

to the test or analysis reports.

Certification Status Reports

Provide status of component and subsystem certification activities as

identified in the subsystem certification plan/requirement documents

and include:

(l) Test/Analysis start and completion dates (Scheduled and actual)

(_-) Test/Analysis organization and location

(3) Identification of hardware

(4) Test plans and test procedures preparation start and completion

dates (Schedule and actual) -

(5) COQ approval status

Certification status information generated by testing and deveiopr::cnt

organizations. All certification status information to be submitted to

MSFC R&QA Office (EG24) monthly. RhQA office responsible for

maintaining status information and preparing monthly SRB Cert[ficati0n

Status Reports and forwarding to Shuttle Program Office. SRB Project

Office review status reports.

', f,

_:,%:/Z
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EXHIBIT 3.5.2-Z (CONTiNUEDI

Certificate of Qualification

Formal statement for each item of flight hardware certified and

approved for Use on Shuttle program.

Prepared for each item requiring certification by development
organizati_rt, using MSFC Form 511 or equivalent form. Forwarded
to MSFC R&QA Office for approval and file maintenance. Approva_

by subsystem managers.

Certified Hardware List

List of all flight hardware certified and approved for use on shuttle
program. Developed as certification is completed. Used at FRR to
certify flight readiness. Includes information contained in CC)Q for
each it'em o£ hardware.

.--+

Generated and maintained by MSFC R&QA+Off_ce; -+-Review by develop-

ment organization. Approved bySR.B Project Office,

Certificate of Flight Readiness

Formal declaration by SRB Project Manager of design integrity and

readiness for flight. Based upon satisfactory cotnpletion of all
verificat[a¢_ activities.

Major Ground Test Requirements Documents
• d

Define subsystem and element level verification requirements to be
satisfied bsrrnajor ground tests. Test definition includes objectives,
responsih_Mties, and sequence. Test details include load conditions,

hardware, fixture and facilities requirements, general requiren-,cn:_,
test parameters, instrumentation and data requirements, identifies
development versus certification testing. Separate document for:

a.

b.

C,

d.

e.

f.

g.

EIVT -Generated by EL5Z
Static Structural tests - Generated by EP41
SRAI static firing tests - Generated by EL
MV-GVT - Generated by JSG
SAIL - Generated by JSC
Vibroacoustic tests - Generated by q?BD

ET/SRB Separation tests - Generated by EL42

All documents reviewed by MSFC R&QA Office and SRB Projec¢ Office.

Major Groc_nd Test Plans

cer _,_lCc_ _lGenerally contain the same information as defined fo: .... _" -"on
test plans.

Generated _y testing organizations. Review by MSFG R&QA Of/ice

and SRB _roject Office.
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EXHIBIT 3.5.2-2 (CONTINUED)

Major Grouted Test Procedures

GenerM[y contain the same information as defined _,or certification

test procedt_=es.

Generated bFtesting organizations. Review by MS_'C R&QA Office

and SI_B Project Office.

Ma)or Grou_cI Test Reports

GeneraLLy c_rain the same data as defined for certification test
reports.

Generated h_testing organization; review by deveiQpment organiza-

tions, MS'FC R&QA Office and SRB Project Office.

Subsystem/Component Acceptance Test R ec_uirements Documents

Generally co_ain the same information as defined for cert'kficatton

test requirements documents.

Responsibi[iti_es for preparation and review also t.he same.

Acceptance Test/Checkout Plans

GeneralLy cantain the same information as definec] for certification

test plans.

Respons_bitities for preparation and reviewalso_: e same.

Acceptance Test/Checkout Procedures

Generally Cn=tain the same information as defined for certification test

procedures.

Responsibitkt_es for preparation and review atsc the same, excezt

MSFC R&QA Office _vil[ review a_:a approve precedures prepared by

MSFC; review procedures prepared by MSFC contractors.

Acceptance _est Sur_=rnary P,epprts

Generally c_atain the same data as defined for certification test reports.

Responsibit[k£es for preparation and review atso the same, except

MSFG R&QA Office. will. review and approve re.__orts prepared by

MSFG; review; reports prepared by MSFG contractors.

l
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EXHIBIT 3.5.2-2 (CONTINUED)

Subsystem/Component Assembly and Prelaunch Checkout Requirements

Inu_

Define subsystem checkout requirements as derived from the subsystem

certification, major •ground test, and acceptance test requirements

documents. Also, the requirements for checkout of some individual

components, via special test connections, shall be specified. Data

to be incorporated in the OMRSD.

Generated by Ground Systems Analysis Branch, SA&I Laboratory.

SRM Operation and Maintenance Requirements and Specification

Document (OM ILbD)

Defines mandatory requirements {including specifications, tolerances

and limits, inspection requirements, specia[ precautions and con-

straints, etc.) to determine that the SR.B is ready for: (I) delivery

to launch site, and (Z) launch. Includes assembly checkout require-

ments, pre[aunch checkout requirements, and [aunchoperations.

Enables identification of tests to be conducted at the assembly checkout

site prior to delivery versus tests required after delivery to launch

site. Incorporates results of post-flight verification assessment as

applicable to assure adequate refurbished hardwareafter'refurbish-
m ent/turnaround activities.

Generated by MSFC Ground Systems Analysis Branch with support by ,

other development organizations. Review by testing organizations,

MSFC R&OA Office, and SRB Project Office. Submit to Shuttle Program
Office and systems contractor.

KSC Ground Operations Plan

Implement_Ltion plan to satisfy pre-llight and post-flight turnaround test/

checkout and ground processing requirements.

Generated hy KSC with inputs by MSFC.

Test and Checkout Procedures

Developed hy KSC. MSFC inputs furnished by OMRSD.

Test Sumrnar_ Reports .....

Prepared by KSC. -;_-- -

L

Vertical Fl[ght Test Requirements Inputs•

Consists of combined SR_B component, subsystem and element level

requirements to be verif;.ed during VFT. Defines type data and genera[

location of data source. Identifies requirerr, ents to be verified during

launch, ascent, separation and recovery. These requirements w[i[

be incorporated into the Orbital Flight Test Requirements Document.

Requireme-ts will be compiled by _[_cFC Systems l_.equirements and
Analysis Branch, SA&I Laboratorv.
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EXHIBIT 3.5, Z-2 (CONTINUED)

Vertical Flight Test Requirements Document

Combined element and element verification requirements to be satisfied

in flight daring orbital flight test program. Generated by JSC.

PostoFlightTest Analysis Requirements Document

Defines detailed SRB verification requirements for post-f]:,ght verifi-

Cation phase. Post-flight test/analysis requirement wi't detc. rmi,_e

the effects of space flight operations on rettlrned equipment and the

effects of [_-unch on;launch-site GSE. Consists of assessment by

analysis and demonstration. Results of assessment to be reviewed for

potential impact on the OMRSD. Requirements include retrieval and
refurbishment/turnaround activities.

SRB Operations and Maintenance Plans

Operations plans will describe SP_B ground _roccss_n_. _nc'_ude

functional flow diagrams, activity descriptions, facility and GSF-

requirements, requirements orienting facility and GSE related to

flight hardware design requirements.

Maintenance Plans will be prepared for each level of maintenance,

i.e., organizational, intermediate and depot• The maintenance

organization, locations, facilities, support and test equipment will

be detailed in the plans. All Maintenance significant items will be
identified to a recommended level of maintenance through Source,

Maintenance and Recoverability (SMR) coding, Maintenance manager-.,

meat procedures will be delineated and the Modification and Repair

system win be described.

Support lrqui.pmcat Requirements Documents

Establish requirements definitions for the design and development of

all support equipment. Provides pictorial concepts, test activity

matrices including quantities of hardware required and functional flows;

identifies specific end items of equipment, flight element no._.,enc[at_re,

element stations, and top assert:hi 5, d:-a,via_- :nu._.bc:_rs. Scpport

Equipment consist of: Special test equipment (ST2_ v:hieh ;.s hardware

and software required to support de,-e_.c, pnne_t, qL_aL'_fica:ion :es:in_

and checkout of the SRB, subasserr_iics an:2 other el,_nen_ ci',_r'-_.._

manufacturing buildup and deve[opme_t; Transportation S=pport

Equipment (TSE) which is hardware and so't.-_rc: c<-:c;uir(__, t5 _;'_.F-p_rt
transportation, handiing and maintenance oz" Si_:;. its sub,.=.ss._:n_,blies

and other elements to and from contractors i._-.c_!ities, othe:" ,_overc.rr.,er, t

facilities and Launch site: and Co.mrr,_on S,:ppo:'t Equiprr_ent (CSE) which

is any STE or TSE that can be used at more than o,:e use site.

Support Equipment Specifications

Establishes the requirements for perfcrmance, design, andverlf;_zation
ef the SRB. it also establishes the inter-ace req,_irements of the S_,.B

by reference to the appropriate !CD.

Generated by S]Z subsystem manager; review by development o,_:a::!:_::_:o:-::..

.:. )-*2-.-z .....
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EPCHIBIT 3.5.2-2 (CONTINUED)

Test Facility Activation Plans

Defines the Management Plan for activation of the Test Facilities.

This will include: direction of construction/installation; direction and

coordination of modifications for launch systems and ground support

equipment installation; direction of integration of existing facilities

and GSE with new or modified faciiities and GSE; direction of facility

verification test plans and the associated facility, system, subsystem

and equipment tests required for validating the functional readiness;

establish test facility activation schedules for facility/systems and

equipment installation and related support activities necessary to

meet program/project milestones; establish management irjormation

system to identify constraints, potential milestones and cost impacts.

Generated by testing organization; review by SRB Project Office.

SE Test and Checkout Procedures
d

Details test operations and conditions to verify functional parameters

of SE to assure compliance with design specifications. Includes step-

by-step sequence of operations and data sheets used to'as'sure verifi-

cation of all requirements for ale items of support equipment and

ground checkout software. Indicate configuration of all safety critical

SE and ground checkout software certified. Contain all information

specified for SR_B certiKcationtest/analysis procedures as applicable

to document all certification and acceptance activities.

Generated by testing organization: approval by SE subsystem manager:

Review by development organizations and MSFC R&QA Office.

SE Test Summary Report

Contains summary level information supported by the _est facility

activation plan, performance management and reportino_ system

for SR_B certification test/analysis. These reports provide a

common base to be utilized by the test engineering personnel to

plan, organize work packages, schedule, cen_rnit resources, nneasare

performance, and report status. Assessment will be inclusive of the

following:

a. Objectives

b. Methods of verification

c. Facilities (including computer/software)

• d. Test-set-up (if appIicable_

e. Test/analysis data (including performance successes/

failure for the items being verified)

Generated by testing organizations: review by development organization,

MSFC Fi&QA Office and Shuttle Projecz Office... Ap?roval by SE
subsystem manager.
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EXHIBIT'3.5.._-Z (CONTINUED)

A listing (or r_ference "to a listing) of the configuration of hardware,

software and6x:_:umentation, for both the flight and ground systems

utilized dttrh_each £es&or analysis shall be included as an appendLx

to the test or a_xzalys is reports.

Certified SE _,>_t

Lists all [tenmm of safety critical SE and ground checkout software

certified and:re{reproved for use on Shuttle program. De'veloped as

certifica.t[on£_s_,completed, Approved for all items which require

certifica.tipm Con___ns all information specKied above for SRB COQ

and C HL.

Generated andiznaLmt_'_ned by MSFC R &QA OffEce. Review by develop-

ment organiz_a. Approved by SRB Project Office.

I
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4.0 SRB VERIFICATION REQUIREMENTS _\

\

4. I SRB VERIFICATION APPROACH. Verification of the SP, B

will be performed on a building-block basis as shown by the subsystem

verifications networks contained in this section and by the element level

verification network shown in Figure 4. I-I. As shown by the net_vorks,

verification will begin at the component level with development tests

and/or analysis to verify the design of the SRB hardware. As the hard-

ware is being developed and qualified, several major ground tests will

be conducted by the MSFC laboratories or MSFC contractors to demon-

strate that the hardware will meet the design and performance require-

ments. These tests, descriptions of which appear in paragraph 5.7,

have been conceived primarily to verify the SKB hardware at the sub-

system level. After completion of the component and subsystem level

certification program and following manufacture and acceptance of the

hardware, verification activities associated with final manufacturing

and assembly will proceed as described in paragraph 5.0.

4. I. I Verification Matrix.

in the SRB CEI cP013M00000A.
The SRB matrix is contained

CHANGE NO. 4
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4oZ ELECTR/CAL AND INSTRUMENTATION SUBSYSTEM

4. Z. 1 Descriptio n . The SRB Electrical and Instrumentation
Subsysten_ (E&I) is divided into 5 sub-groups identifiable as to the
f_nctionperforrned. They are:

I. Integrated Electronics Assembly (IEA). Communicates
withthe Orbiter. Routes orbiter commands to perform

attitude correction, separation and power distribution,

Routes SRB performance data to the Orbiter for use in
data evaluation.

2o Development Flight Equipment. Verifies SR_B flight

performance. Includes tape recording of DFI data during
powered flight, during descent, and at impact. Film camera

to observe parachute operation. This equipment Will be

flown only during the DDT&E phase of the Shuttle program.

3. Rate GyroAssembly. Supplies SRB rate change data to
the Orbiter /or attitude correction usage.

4. Recovery Aids. RF Beacons and flashing light assemblie_
are used to locate SR.Bs and frustums. \

5. Range Safety System. Provides capability to sa/eIy destruct
the twoSRB's and the ET if required. Allhardware is\ .,

mounted on the SR.B's only. \

The breakdown of the V-&l subsystem and associated components
follows:

OperationaI Fli.ght Equipment

• Integrated Electronic Assembly {IEA)
Di stributor

Multiplexer Demultiplexer (MDM)
Signal Conditioner

_j_covery Aids
RF Beacon
RF Beacon Antenna

Flashing Light
Attitude Switch

Recovery Battery
Transmitter

• I '_strumentation Transducers and Sensors

• C__ble Assemblies

• Ra_te Gyro Assembly (Actual flight status not determined

4-3
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•Deve4oprnent F'li_ht Equipment

• Distributor

o Signal Conditioner

• PCM Multiplexer

• _M Multiplexer

• Flight Tape Recorder

• Impact Tape Recorder

o Recorder Ampli[ier Assembly
t.

• Film Camera Capsule/Timer

e_ Cable Assemblies

Battery

o Transducers and Sensors

o_ IRIG'B Time Code Generator

l_a_g-e .Sa[ety Sys.tem

o_ Re ce ire r

Decoder

o_ Antenna

• Hybrid Coupler

e Directional Couple r

o Range Safety Distributor

l_rotechnic s

s S_ Device

_..Z.2 Network - The Eg_i subsystem verification

shown _r_,F_ures 4. g. g-i through 4. Z. Z-5.

networks arc
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4.3 THRUST VECTOR CONTROL SUBSYSTEM.

4.3. 1 Description. The main components of the Thrust
Vector Control Subsystem (TVC) are the servoactuators (2) and a

redundant hydraulic power unit (HPU)• Each HPU consists of an

auxiliar V power unit, fuel supply module, hydraulic reservoir,

manifold, valves, filters and interconnecting plumbing, and a

supp-orrpanet which houses all of the other components• The TVC

subsystem is mounted on one half of the aft skirt. One end of the
servoactuators is connected to the skirt while the other end is

attached to the SI_M nozzle extension. Receiving command signals

from the Orbiter through the SRB E&I subsystem, the TVC sub-

system provides thrust vector control of the SRB and provides to
the Orbiter the TVC system status.

• 4.3. Z Network - The TVC subsystem verification network

is shown in Figure 4.3.2-I.

°
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4.4 STRUCTURAL SUBSYSTEM

4.4. I Description. The Structural Subsystem includes the

nose assembly (frustum, nose cap and thrusters), forward ordnance

ring, forward skirt including the forward ET/SRB attach fitting, ET

attach ring and aft attach struts, aft skirt_ external system tunnel,

and structure for mounting other SP, B subsystem components. The

nose assembly houses, as well as protects, the recovery system from

aerodynarn[cheating. A separation motor module is located in the

frustum. The ordnance ring, located bet-,veen the forward skirt and

the frustum, and containing a mild detonating fuse, provides a means

to separate the frustum from the SR_B following SRB separation from

the ET. The forward skirt, located between the forward rocket motor

segment &nd ordnance ring, houses the E&I subsystem and includes

attach hardware [or the recovery subsystem and the ET. The ET attach

ring encircles the aft rocket motor segment and the three ET attach struts

are secured to this ring. The aft skirt and associated launch support

structure provide thermal and aerodynamic protection for thc SI_M

nozzle, the TVC and E&I subsystems, and the aft separation motors. In

launch configuration (Z SR.B's),this structure supports the Space Shuttle

Vehicle on the _LP. The system tunnel provides lightning protection,

therma[/aerodvnamic protection, and housing for the range safety system

linear shaped charge and for the OFf and DFi electrical cabling, which

extends between the forward skirt connector and the aft skirt cable feed-

through, with additional routing along the ET attach ring and the attach

struts.

4.4. Z Network. The Structural subsystem verification net-

work is shown in Figure 4.4.2-i.
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4.5 RECOVERY SUBSYSTEM

4.5. 1 Description. TheSI2_B Recovery Subsystem includes

a pilot parachute, a drogue parachute and a main parachute assembly

with explosive ordnance d eploy-ment devices, electronic and visual

location aids, and flotation equipment. Following separation of the

SRB from the ET, the recovery sequence is initiated by the separation

of the nose cap from the frustun% at approximately 19,000 feet by an

altitude switch. This same switch also turns on the location

aids (flashing lights and R/" Beacon) located on the forward

skirt. An altitude switch in the frustum initiates the firing of three

thrusters in the frustum which blow the nose cap from the frustum

deploying the pilot parachute which in turn deploys the drogue para-

chute. After opening, the drogue parachute stabilizes and dece[ara_tes

the SR_B uhtil an altitude switch initiates separation of the frustum from

the SRB forward skirt at an altitude of approximately 9,000 feet. The

drogue parachute continues to support the frustum until water impact
at which time a salt water activated switch turns on the frustum loca-

tion aids (flashing lights and beacon). After opening through two reef-

ing stages, the three parachutes in the main parachute asse:-nb[y decel-

erate the SRB to a nominal water impact and are released from the SP, B

by a water impact switch initiated signal. A salt water activated

switch turns on the main parachtue location aids (flashing lights and

beacon).

The [ocationaids on the frustum, the main parachutes and the SBLB will

operate conHnuous[y for 72 hours to facilitate location bythe ocean

retrieval team. The frustum and main parachutes contain flotation

material to prevent them from sinking, The SRB is maintained in a

vertical position in the water by air in the sealed forward skirt

compartTne_tand air captured in the spent SI_\4 casings.

4.5. Z _etwork. The recovery subsystem verification

network is shown in Figure 4.5. Z-I.

4-1q Change ."_o. 4
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4.6 SEPARATION SUBSYSTEM

4.6.1 Description. The Separation Subsystem includes fo,_r

ordnance-actuated separation botts that allow SRB scparation from

the ET and eight solid Booster Separation Motors (BSM) that =ro-

vide the separation forces to translate the SRB away from the ET/
Orbiter. The four separation bolts are located, one in the forward

attach point and three in the aft attach struts, between the Si_B and
ET. The eight BSM's are mounted four on the frustum and four
on the aft skirt.

Separation of the SRB from the Orbiter/ET is initiated by hardwire
command from the Orbiter to the SRB Ifitegrated Electronic Assembly
after SRB burnout. Activation of the four separation bolts and the

eight s_paration motors for each SRB is initiated simultaneously by
redundant separation signals from the SRB IEA's, which will be
sent to each of the SKB/ET attach points and to each of the SI_B
frustum and aft skirt BSM's.

The separation signals from the SRB _EA's to the SRB/ET attach
points initiate two redundant Standard Manned Spaceflight Initiator

(SMSI) pressure cartridges at each attach point.

The separation signals to the Booster Separation Motors (BSM)
located in the frustum initiate redundant SMSI detonators which are

mounted on separate CDF manifolds. The CDF manifolds are t_nked

to the BSM by means of the CDF assemblies and initiators. An

identical ordnance chain is provided for the BSM's located on the aft

skirt.

Electrical disconnect between the SR.B and the ET is accomptish'ed

by putt-away connectors located on the SR.B aft struts. \

4.6. Z Network - The Separation subsystem verification _
network is shown in Figure 4.6. Z-I.

4-16 Chaagc N_.
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4.7 SOLID ROCKET MOTOR SUBSYSTEM

4.7. I Description. The Solid Rocket Motor (S_4) subsystem

for each SRB is made up of a forward motor segment, two center

motor segments, and an aft motor segment. Each motor segment con-

sists of a cylindrical, weld-free case with clevis-type mechanical

joints, liners, insulation, and propellent. The forward motor segment

interfaces with the SR.B forward skirt and includes the ignitor, intitia-

tots and a safe and arm device. The aft motor segment, which mates

to the SP,.B aft skirt, provides for mounting of the movable nozzle to

which the TVC actuators are attached. The aft motor segment has

provisions for installing the ET attach ring and the four cavity collapse

rings. In the stacked configuration, the SR.B external cables and sys-

tem tunnel are attached to and routed along the outside of the SR/vi

segrneIlts. Mounting of various operational and development instrumen-

tation transducers is provided at strategic locations on the SiR_V_.

4. 7. Z Network - The SRM subsystem verification network is shown

in Figure 4.7. Z- I.
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4.4 STRUCTURAL SUBSYSTEM

4.4. 1 Description. The Structural Subsystem includes the
nose assembly _frustum, nose cap and thrusters), forward ordnance

ring, forward s,kirt including the forward ET/SRB attach fitting, I_:T

attach ring and a/t attach struts, aft skirt, exh, rnal system tunnel,

and structure for mounting other S_B subsystem components. The"

no_c ass,-mbly hous,.s$ as well as protects, th_ rucovery syst(m fron_
a_,rodynamic heating. A separation motor module is located in the

frustum. The ordnance ring, located between the forward skirt and

the frustum, and containing a mild detonating fuse, provides a means
to separate th¢ frustum from the SRB following SRB separation from

the ET. The forward skirt, located between the forward rocket motor
segment and ordnance ring, houses the E&I subsystem and includes

attach hardware for the recovery subsystem and the ET. The ET attach
ring encircles the aft rocket motor segment and the three ET attach s_ruts

are secured to this ring. The aft _kirt and associated launch support
structure provide thermal and aerodynamic protection for the SR_M
nozzle, the TVC and E&I subsystems, and the aft separation motors. In

launch configuration (Z SR.t3's),this structure supports the Space Shuttle

Vehicle on the MLP. The system tunnel provides lightning protection,
thermal/aerodynamic protection, and housing for the range safety system
linear shaped charge and for the OFI and DFI electrical cabling, which
extends between the forward skirt connector and the aft skirt cable feed-

through, with additional routing along the ET attach ring and the attach
struts.

4.4. 2 Network, The Structural subsystem verification net-
work is shown irtFigure 4.4. Z-I.

4.4.3 Matrix. The Structural subsystem verification matrix
is shown in Table 4.4.3-1.
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#. 5 RECOVERY SUBSYSTEM

4_.5.1 Description. The SR_B Recovery Subsystem includes

a pilot parachute, a drogue parachute and a main parachute assembly

with explosive ordnance deployment devices, electronic and visual

locatian aids, and flotation equipment. Following separation of the

SR.B fz-orn the ET, the recovery sequence is initiated by :he separation

of the rose cap from the frustL,m at approximately 19,000 feet by an

altitude switch. This same switch also turns on the loca:ion

aids (fLashing lights and RF Beacon) located on the forward

skirt. An altitude switch in the frustum initiates the firing of three

thrusta_rs in the frustum which blow the nose cap from the frustum

deploying the pilot parachute which in turn deploys the drogue para-
chute. After opening, the drogue parachute stabilizes and decelarates

the S R_ until an altitude switch initiates separation of the frustum from

the SR_, forward skirt at an altitude of approximately 9,060 feet. The

drogue parachute continues to support the frustum until water impact

at which time a salt water activated switch turns on the frustum loca-

tion ai_s (flashing lights and beacon). After opening through two reef-

ing stages, the three parachutes in the n-lain parachute asse_,bly decel-

erate _h,e SRB to a nominal water impact and are released from the SP,LB

by" a water impact switch initiated signal. A salt water activated

switch _rns on the main parachtue location aids (flashing lights and

beaco=)_

The toc_tion aids on the frustum,

operat_ continuously for 7Z hours to facilitate location bythe ocean
retrieval, team. The frustum and main parachutes contain flotation

material to prevent them from sinking, The SRB is maintained in a
vertical position in the water by air in the sealed forward skirt

compartment and air captured in the spent SRM casings.

4.5. Z Network. The recovery subsystem verification

networ_ is shown in Figure 4.5. Z-1.

the main parachutes and the S_B wi'i

4,5. 3 k__atrix. The recover}- subsysterr, verification .-nat:ix

is shown' in TaD[e 4.5.3- I.
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4.6 SEPARATION SUBSYSTEM

4.6.1 Description. The Separation Subsystem includ_,s fo, r

ordnance-actuated separation bolts that allow SRB separation fr,m
the ET and eight solid Booster Separation Motors (BSM) that pr,,-

vide the separation forces to translate the SRB away [ron_ the. I.:'l/
Orbiter. The four separation bolts are located, one in the forward
attach point and three in the aft attach struts, between the SRB and
ET. The eight BSM's are mounted four on the frustum and four
on the aft skirt. -_-

Separation of the SRB from the Orbiter/ET is initiated by hardy, ire

command from the Orbiter to the SRB Integrated Electronic Asscmbiy
after SIR.B burnout. Activation of the four separation bolts and the
eight separation motors for each SRB is initiated simultaneously by
redundant separation signals from the SRB lEA's, which will be

sent to each of the SRB/ET attach points and to each of the SRB
frustum and aft skirt BSM's.

The separation signals from the SRB IEA's to the SRB/ET attach

points initiate two redundant Standard Manned Spaceflight Initiator
(SMSI) pressure cartridges at each attach point.

The separation signals to the Booster Separation Motors (BSM)
located in the frustum initiate redundant SMSI detonators which are

mounted on separate CDF manifolds. The CDF manifolds are linked
to the BSM by means of the CDF assemblies and initiators. An

identical ordnance chain is provided for the BSM's located on the aft
skirt,

Electrical disconnect between the SRJB and the ET is accomplished
by pull-away connectors located on the SRB aft struts,

4.6.2 Network - The Separation subsystem verification
network is shown in Figure 4.6.2-I.

4.6.3 Matrix - The Separation s_bsystem verification matrix
is shown in Table 4. 6.3-I.
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4.7 SOLID ROCKET MOTOR SUBSYSTEM

4.7. I _ The SoLid Rockot Motor (SRA4) subsystem

for each SRB {s made up of a forward naotor segment, two center

motor segments, and an aft motor sagment. Each motor segment con-

sists of a cylindrical, weld-free case wlth clevis-type mechanical

joints, liners, knsulat[on, and propellent. The forward motor segment
interfaces with the SR,B forward skirt and includes the ignitor, intitia-

tc)rs and a safe and arm device. The aft m o_0r segment, which ,--nares

to the SRB aft skirt, provides for mounting of the movable nozzle to
which the TVC actuators are attached. The aft too%or segment has

provisions for installing the ET attach ring and the four cavity coLLapse

rings. In the stacked configuration, the SR.B external cables and sys-
tem tunnei are attached to and routed along the outside of the SR/V[

segments. Mounting of various operations[ and development instrumen-

tation transducers is provided at strategic Locations on the SR/vi.

4.7. Z Network - The SRM subsystem veri.Eication network is shown

in Figure 4.7. Z-l. "

4.7.3 Matrix - The SRM subsystem verification matrix is shown
in TabLe 4.7.3-1.
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5.0 ELEMENT VEKIFICATION

5.1 MANUFACTUKING ASSEMBLY AND CHECKOUT. Final

manufacturing a_sembly and checkout activities _will take place /of[aw-

ing the SRB component level acceptance tests art the hardware suppliers'

facilities and delivery of the subsystem components to the Booster

Manufacturing, Assembly, and Refurbishment Facility at KSC. Thcsc

activities in_fotve the installation of the flight hardware into the for-

ward• skirt, buildup of the nose assembly, assembly of thc aft skirt

and the installation of the TVC subsystem into the aft skirt. A final

manufacturing checkout of the subsystems inst_led in the nose assem-

bly, forward skirt and aft skirt using t_e LPS ;and software developed

during EIVT at MSFC will verify that the SRB subsystems perform-

ance corJorms to the design requirements. T'me primary objective

of this phase of manufacturing and checkout is to demonstrate fnat

the subsystems are properly assembled per the applicable drawings

and specifications, and that they, in conjunctiom with the soft, rare

and human elements, will function as integrated subsystems in all

modes. This final manufacturing checkout co_tlthtes subsystem level

verLficat_on of flight hardware assembled to this _)oint in element buildup

prior to turnover to KSC for continuing bt_ildup/m.,saembly activities.

5.Z BOOSTER ASSEMBLY BUILDUP. Booster assembly build-

up concerns the activities involved with mating the forward and aft

SRM segments to the forward and aft SRB skir;ts. It also includes

installing flight hardware that Was not installe_ during final manufao-

turing assembly and' culminates with the flight ]hardware being assem-
bled to the Booster Assembly level (an Aft Bo_ster Assembly and a

Forward Booster Assembly) ready for stackir_g on the MLP.

5.3 ELEMENT STACKING AND PREFLIGHT CHECKOU': (SP, B

PRE LAUNCH OPERATIONS)

5.3.1 Receivine Ooerations. A visual_[ihspection of the SP_B

will be conducted to identify any damage incurred du .... _ transporta-

tion to the VAB. Critical areas of inspectio_ are the BSM nozzles
in. the forward and aft skirts, SRB/ET/Orbi_er mechanical and elec-

trical attachment points, altitude plenum outlet_s, and TVC su_svste:-n.

This operation will serve'as a partial ver£fica:,:ion of the associated

transportation equipment.

5.3.? Stackin_ Operations, The final phase of SRB buildup

and checkout will take place on the MLP in the "%_;.ABwhere the aft,

two center, and forward booster assemhl;_es w[ki be stacked to for,n

a complete SR.]3 element. During the stackin_ c_'fan SRB {rnatin:_

of the booster assemblies), decay checks will _be perfornned to de,..-n-

onstrate assembly interface seal integrity.

After two SP_B's have been stacked and ele ctr/Tc_!lly checked with the

external cables, tunne|s, and aft attach struts iu-lstalled, both SR._s

will be interconnected with the LPS, STE an d::th_e TVC Service and

Checkout Console.



5.3.3 Checkout. Prior to mating the SRB's to the external

tank. an integrated end-to-end functional checkout of the E&d sub-

system, TVC subsystem, and SR/v_ nozzle will verify launch

readiness of the two SRB's. This simuiated flight test will verify

all sequence-critical functions.

5.4 SRB/ET/ORBITER MATE AND CHECKOUT. Following
the integrated checkout of the two SRB's, the ET wil_ be hoistcd

between and mated to the SRB's. The mechanical and electrical

interfaces will be verified by inspection and continuity tests. After

the Orbiter is mated to the ET, interface verification and integrated

system verifications w_tl be performed using the LPS to control and

monitor the Orbiter systems functions. The objectives of the inter-

face checkout, are to (I) verify that the assembly operations were

performed properly, (2) verify that functional paths disturbed by these

operations have been reestablished, and (3) verify the integrity of

the interfaces which were connected for the first time.•

5.5 FLIGHT READINESS REVIEWS. The SRB Project Man-

ager will conduct an element Flight Readiness Review prior to the

Shuttle System Flight Readiness Review for each vehicle to be utilized

in the Vertical Flight Test Program. The purpose of these reviews

is to certify the acceptability of the SRB for flight test and to evaluate

its readiness to achieve all test objectives,-

MSFC will support the Shuttle System Flight Readiness Reviews with

cognizant personnel and appropriate SRB FaR information and docu-

mentation. MSFC wilt assure that its contractors adequately provide

support for the reviews and will assure that immediate action will be

taken to correct any discrepancies,

t

5'6 FLIGHT AND POST-FLIGHT VERIFICATION

5.6. l Vertical Flight. The Vertical Flight Test program and

the turnaround activities associated with it constitute the final pl'ase

of SRB element verification and will demonstrate the total vehicle per-

formance under actual flight conditions. The oerforrnance reqairen_.eats

defined in Shuttle System MVP, Volume X, _vlaster Flight Assign_.ent

Document, will be verified. The m[ssion characteristics associated

with pre-launch, launch, boost, separation0 recovery, retrieval and

maintenance turnaround will be evaluated and verified. Data derived

fro_. the E&I subsystem D_'I and OFf during the DDT_E flights will

be used to verify the operational performance of the SRB.
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5.6. 1. 1 Recovery and Retrieval. The first futi scale opera-
tional test and evaluation of the SP_B Recovery 6ubsystem and final
perfection of retrieval techniques and systems will lake pl.a( _.'dl_ring
the VlrT program. (KSC is responsible for verificalion of Ih_. r,,t,'i,.val

techniques and systems.) During these flights, some load and _t,',._._

analyses will be tested and evaluated. In addition, the following func-
tions and requirements will be verified:

i. Nose cap jettison

Z. Frustum separation

3. Parachute deployment

4. Parachute reefing
I

5. • Parachute disconnects

6. Flotation equipment

7. Location aids
i

8,-----___ozzle extension severence

9.

10.

11.

lZ.

Ability of retrieval vessels to locate SRBs

Ability to change the SRB attitude from vertical to

• horizontal for towing

Parachute retrieval

Frustum retrieval |

Towing operations

Docking operations

5.6. 1.2 Refurbishment Durin_ DDT&E. After SRB disassembly
during the DDT&E phase of the Shuttle program, the subassenab[ies will

be returned to the Booster Nianufacturing, Assembly, and P.efurb[s_,u-nent

Faci[it)r, to be processed in accordance with procedures developed for

the operational/DDT&E phase. In addition, the operational flight E&!,

TVC, and S._hk/,subsystems components, excluding throw-away equip-

ment, will be returned to the responsible vendor for n'.ore detailed

analyses and test. These tests/ana[_,ses wi[[ consist of rece'[ving inspec-

tion, acceptance test, component disasserr, bk)r to the S_U level for

inspection/'test as applicable, component reasse:nhly, and acceptance

test. During these operations,the quality control i.'T.po-zed upon the

vendor will apply. Any variation in performance parameters fron2.

those previously recorded will be logged and a deterrr,[nation made as

to whether redesign, refurbishment, or no further action [_ required.

These tests and analyses are required &s apart of the total verification

of the maintainabilit)r and design of the coxnponent,

5-3



5. 7 MAJOR GROUND TESTS. The major ground tests Lden:i-

fied in the following paragraphs will be conducted under simulated con-

ditions to verify that the SRB will perform its intended funct_.on. These

tests will ver£fy the contract end item specification and the Interface

Control Documents requirements, and will also verify the perforn:ancc

of integrated subsystems and combined elements prior to initiation of the

development flights.

5. 7. 1 Static Structural Tests. The SRB Static Structural Tests

will determine the ability of structures to withstand predicted or

n_easured static forces which may be encountered in assembly, storage,

transportation, handling, testing, flight, recovery, and turnaround

maintenance activities. The tests will also verify materials selection,

validate stress analysis and design margins, and verify structural

integrity fo_ critical design limit and ultimate loads.

5.7. I. 1 Test Configuration and Subsystems Components Involved.

The Static Structural Test involves the SR.B structural subsyste,-n and

SIhM subsystem and is to be accomplished through a total of eight basic

test set-ups, simulating the load conditions in the SRB service life.

Test configurations /or the SIR.B short stack tests and for structura_

component testing are described in the following paragraphs.

5.7. i. 1. 1 SRB Short Stack Configuration. Test hardware and

fixtures for the short stack phase of the structural testing provide for

simulating all critical load conditions experienced bythe SR.B during
its normal service life. The following three test set-ups, which are
defined in detail in the SR.B Structural Test and Instrumentation

Requirements Document, have been established to accomplish this

objecLive.

5.-7__1_._I. 1. ! Test Set-Up I. In this configuration the short

SRB, which is structurally a f[[ght type vehicle with four center motor-

case segments eliminated for economy, is positioned with its longitudina[

axis horizontal, allowing application of loads to the frustum, forward

skirt, and forward segn_,ent of zhe motor case to sinzulate pre-[aunch,

launch, flight, separation and drogue chute loads, The capability exists

for application of internal pressure in either or both the forward skirt

and the-n%otor case, and for application of concentrated loads at selected

points. Internal pressures shall be applied only with the forward skirt

and/or motor case filled with transformer oil.

5. 7. I. i. 1.2 Test Set-Uo II. Followin[_ co:-c.p':etion of te_zicg

associated with the first test configuration, the frustum is removed,

and provis:.ons are made for application of loads to the mad:', chuze at'_ach

points on the forward skirt. The capability also exists in this configura-

tion for pressurization of the forward skirt, and for loading o! the forward

bulkhead to simulate towback conditions, In this test co._i_uration, _he

short SRB is again positioned with its longitudinal axis horizontal.

5-4
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5.7. I.I. 1.3 Test Set-Up Ill. T_e shortSB_B is positioned again

with its longitudinal axis horizontal, and the flight-type forward skirt

is replaced with a dummy forward skirt. This test configuration then

allows the application of toads simulating the effects of the pre-taunch
launch, flight and separation load environments on the aft portion of the

SRB. Test loads are applied at the forward end of the forward skirt,
the aft ET attach points, the aft skirt actuator attach points, and the
aft skirt separation motor attach points.

5.7. 1.1. Z Structural Component Testin._. Five structural
components tests will be conducted as a part of the static structural
test program. These tests are defined to provide more accurate
simulation of critical loads than is possible inthe short stack test-

ing described in paragraph 5.7.1.1 above. Test set-ups associated
with this component testing will be defined in detail in the Static

Structural Test Requirements Document and are described briefly in
the following paragraphs,

5.7. i. l.Z. I ACt Structural Components. The test configuration
contains the capability for imposing varying pressures on the aft bulk-

head and aft skirt to simulate the pressures these components will

experience at initial water impact. In addition, the capability exists

for loading the ET attach ring and aft attach struts with water in',pact loads.

5.7.1.1.Z. Z Frustum, The c;_p_bi[ity is provizled in this test
con/iguration for simulating on the fi;uetum the drogue chute inertia
forces occurring during flight, deployed drogue chute forces, main

chute deployment forces, and distributed pressures occurring during
water impact.

5.7.1.'1.Z. 3 Nose Cap. This tes_ con/igurationprovq.des the

capability for application of a system of loads to simulate the thruster

and drogue chute deployment toads on the flight nose cap. Nose cap testing
will allow imposition of pressure forces on assembly surface area in
combination with other loads.

5. 7. I. 1.2.4 Cable Tunnel. The systen,s cable tunne_ is tested

in this component test set-up through application of [oad,s to simulate

the loading environment experienced in SiR.B-,_'aterimpact.

5.7. 1.1.2,5 Heat Shield. This test set-up provides the capab'iity
[Oi"testing the curtain heat shield to slmuLate. Cue _.'naxir._um _r_s_ares

and the temperatu.res the shield will experience during its nominal life.

5-5
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5. 7. 1.2 Objectives. The SRB Static Structural tcstin_ well

invo[vc structural component testing and testing of the short S[_I;
configuration. The primary objective of this tcsting is to vcrify _hc

structural integrity of the SRB for its critical design toads and environ-_

ments and to verify its normal service life. Specifically, thcsc
objectives are as follows:

a. Demonstrate the static structural "strength and service

_ife of the SR.B when subjected to critical design loads.

b. Determine deflection influence coefficients of attach and

holddown points for structural and functional characteris-

tics.

c. Verify internal load distribution.

d. Identify design deficiencies.

Specific verification requirements defined in the CEI specification which
will be satisfied by the Static Structural Tests are identified in the

requirements matrix contain in Section 4.0 of this document.

5.7. 1. B Responsibility and Location. The SRB Static Structural

Test is presently scheduled for the CY 1976 - CY 1977 time period.

The MSFC Structures and Propulsion Laboratory will be responsible
for the development of the test requirements and determination of

test sequencing. The MSFC Test Laboratory will be responsible for

the conduct of the test program and development and maintenance of

the test facilities. All Testing of the SR.B short stack wi[[ be con-

ducted at MSFC Building 4572 (flame trench) and the structural com-

ponent testingwil[ be accomplished using the test facilities of
Building 4619.

5.7.2 Electrical and Instrumentation Verification.T.esz ' {EI_rT).
A series of engineering design verification tests will be conductcd zo

assure the physical and functions[ integrity of the SP.B electrical and

instrume ntatioa sub sy stem.

5.7. Z. 1 Test Conflguratien and Subsystems involved. The

E!VT flight electronics will consist of _he }"&I subsystem components
identified in paragraph 4.2 and the SR/vl S&A device. All

SMSl's/detonators, batteries, the TVC subsystem, and some DT'! and ©FI
sensors/transducers will be simulated. The E!VT ESE will consisz

of LPS modules, power supplies, anlnstrumentation Test Set, electrical

networks, and other special test sets and breakout boxes.

5-6



5.7. Z.Z Objectives. The EIVT test activit:.es will include verifi-

cation and integration testing of the SIR.B avionics components at" the
subsystem level to assure that the avionics, instrumentation and elec-
trical power distribution subsystems contained in the Forward and Aft

Boostcr AssembIics will function as an integrated system, Comp_lte_"
programs and test procedures wilt be developed for test and ch_'cl¢_ut

of the integrated E_I subsystcm, and the integrated EKI subsystem

and ESE will bc debugged/verified. The support equipment (including
software) used for EIVT wi[[ be provided to the Assembly Contractor
for module acceptance testing during DDT&E checkout operations at
the launch site.

5.q.Z. 3 Responsibility and Location. The EIVT testing will
be performed during the 1977 time frame. The MSFC SA&I Laboratory

will be responsible for the development of test requirements and

determination of test sequencing. The MSFC Test Laboratory v_itt
be responsible for the conduct of the test program and develop.'m.e.nt

T O 'qand maintenance of the test facilities. E,V_ testing will be conducted

at MSFC Building 4708 using flight type SIKB hardware.

5o7.3 3rd Static Firinj_. Three full scale development SRM static

firing tests have been planned. The third firing in the series of development
firings will he conducted using flight-type SR.B hardware.

5,7.3.1 Configuration. In addition to a forward motor segment',"

two center segments, and an aft motor segment, the test setup wit!
include an aft skirt, a TVC subsystem, and ESE for TVG subsystem
control and monitor.

5.7.3.Z Objectives. This test will verify that the hardware
design meets all specification requirements and t.hatthe manufactur-

ing processes wilt produce an acceptabl e product, The objectives

will demonstrate the following:

i. Structural integrity

Z. Ballistic performance

3. Motor design and

manufacturing processes

4. Vi.hro-acoustic and

thermal :environment

5. Acceptability of design
changes

6. Factors for predicting

ballistic performance of pro-
duction motors.

8. Nozzle structur-- !

integrity

9. Internal ir.salat;.oa

per forrnance

10. Thrust r eprodaci_.i[itF

11. Reusability of case,
igniter, and nozzle

cornpor,ents

IZ. Dyna._.ic thrust vector

alignment

7. Ignition system performance

5-7



13. Nozzle per£orrnance

14. TVC interface

15. TVG Subsystem performance

5. 7.3.3 Responsibilities and Location. The Si:Uvt contractor

(Thioko[) will conduct the static firing tests at his test facilities in

compliance with test plans which will be revie_vcd and approved by

MSFC. MSFC will provide to the SRM contractor as GFE. the SILB

flight type hardware required for the test configuration, The SRM

contractor will conduct a post-test analysis of hardware and motor

performance and provide to MSFC within 24 hours after the test, a

"Contractors Flash Report" covering critical parameters such as

pressure, thrust, and thrust vector angle. The final test report will

be forwarded to MSFC thirty working days after completion of the static

test.

5.7.4 Mated Vertical Ground Vibration Test. A.series of

integrated ground vibration tests will be conducted to substantiate

the coupled dynamic math models of the Orbiter/ET/SRB use_ for

the Space Shuttle load and flight control analyses.

5.7.4. I Configuration. The test configuration consists of the

Orbiter, ET and SRB's (Z). The SR.B's used will be loaded with inert

propellant and a minimum of two SRB propellant loading configurations

wilt be used. The first represents the launch condition with a fully,
loaded SRB. The second simulates burn out condition. The SRB's

will be flight configured except that the recovery subsystem and OFf

and DFI subsystem components will be mass simulated. The elements

will be soft supported in the vertical position during the tests to

approximate the in-flight conditions. '\
...... j

5.7.4. Z Objectives' Test results of the MVCVT program

applicable to the SRB will be used So update the SRB math models for

flight configuration, The SRB willbe used in the tests primarily as an

element of the combined Shuttle configuration to enaSle valid data
_C rV _to be taken Of the dynamic performance of the n,ated Shuttle co ,,_ura-

lion. The primary SRB objective is to measure the n_odal frequency,

shapes, and damping characteristics of the SAB when mated to the

Shuttle vehicle. The test data will be compared with the predicted
analytical values and the resulting analysis will verify thc dynamic

math model of the combined elements {Orbiter, SRB, F.T, and linkages),
or provide the data to correct the stiffness and rr, ass n_atrices that

make up the math models' The test data, when analyzed, will verify
the correctness of the SRB and ET interface loads, and substantiate

the SRB dynamic and combined loads analyses.
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5.7.4.3 Responsibilities and Location. The MVOVT program

will take place during CY 1978 and will be conducted in the tcst facil_-

ties at MSFC. The test requirements will be prepared by the Shuttle

system contractor. _A/[SFC will support the system contractor in

prepa/'ation of the test _lan. MVGVT test procedures will be prepared

by the MSFC test laboratory.

5.7. 5 Shuttle Avionics Integration Laboratory (SAIL). A

description of _he SAiL is contained in MVP Volun_es I and ii. k'o

further amplification is considered necessary. One set of SRB opera-

tional flight avmnics type E&I hardware will be provided to the SAIL

for Shuttle mated-element avionics and software verification tests.

The resul%s of these tests will complement the EIVT tests to confirm

design mecharu_z ation.

5.7.6 SRB Vlbroacoustic Test. Deleted.

5.7.6. i

5.7.6.Z

5.7.6.3

Configuration. Deleted.

Objective. Deleted,

Responsibilities and Location. Deleted.

5.7.7 ET/SRB Separation Tests. The ET/SRB Separation Tests

will verify the functional operation of the separation system while

exposed to predicted flight loads.

5. 7.7. i Test Configuration and Corrr,,c:zent_ Involved. The con-

figura:ion for the SRB/ET separation tes: will consist of flight _ype

forward SRBIET attachment hardware, three aft attach stru_s, ordnance

and electr[ca_ umb_licals.. This hardware will "De mounted in test

fixtures that v:iil have the[capabilit F of simulating flight induced loads

that occur at separation.

5. 7. 7. Z Objectives. As stated above, _he nrincipai objcc._[ve of

the separation tests is to verify the functional operation of the sep_.rat_on

I ' " " _c.i'il<mechanism for various design conditions v,..',lte zne e:<_crn_L .... and

SRB's are ex[_osed to predicted flight leads. ?}.e resui_lng separa_Lc, n trajec-

tories will he assessed for adequate clearance for all crit[cai sepa:ation

modes and conditions.

_o ....LOA. The ,..bP._/'_. seLarat[c,.n tc:s:s5. 7. 7. 3 Res'3ensibility. an/ T ,--,_ - " - --_"

are scheduled to begk.n the last quarter of 1976 at NISFC in Building -_,_.

The Iv[SFC SA_I Laboratory is responsibie for develo._rnen_ of test rcq'a:.rc -

meats. PreD_ration of the test plait and procedures and the conduct of _i,c

test progra'rn w[ii be performed by'_he k,[SirC Yes,'. Labors:or,:-.

5-9 Ct,.-,,,_E .<.0. 5





6. O G_OU._'D SUPPORT SYSTEM VERZVIC.:,.TiO._

6. I CENZILAL. The overall objcczivcs of _i_e srcn_:,=. -_'.:p:_o:':

sy.s:(.r._v,;rf/icatfon p:'ogra_, shall be to prcv:.de assurar.ce _ha= :h_ _ro=,: i

aysten_ has 5eer_ designed and rmanufaet_red in a n_anncr thc_ \v_il

.,_p_or= _h_ _evc:.[opnnent, --,cccptance Lc_, and oper;_l[ona_ ac:[v:,%ie,_

of C_e ._p_.c_ ShutLle Program.

"Fh,' (;.'_Kv_-:zi/_c,_:ion pro_ra.--'.,shall cons[st of deve_o-z._.e;:t, _r.->r.;c_::,:,

[(:.sl:_and ac_cp[ancc _csz.% and w[[[ in,:|,udc h,_ci'_ground so:_\,.'arc _L.:i

hardware, i. c!cveioprncn_ _cst progra,-n sh:_.';lbc :.n_ole:.-ne:_Lod_o 'Jez'if'.'

.no ¢:cs[gn adequ.a.cy of newly des%gne6 equiprr, en: and exzen_:v_.[ v n-.oc;f:ed

ex_.sring c=q_:.p,n%¢ an.

Spec_fLc ohjcc:ives of the GSE verification p_-ogr._m are. (1) _o c.ssu:c

conc_r:cr.=dcve[oprnent of GSE, (3) to verify equ_p='ner._ reliability

and safety. _3) to verify zhaz equiprr.cnt rune:ion _-as in;ended. ,-'*'_

:o vcr:,fy _[-._.eq_i.-_='n,cnt mee_s req_:ircn_en:s under opera:io.-.a[ condi-

tions and eavi ron.-r.ent, and (5) ;o verify _hat integra:ed GS_ and

facii_ty sys.r_-c,s meet r cquircrnents.

.6. Z i_,VELOP,N4ENT ACTIVITIES

$.Z.i Design Verification. To zhc grcace'sz e×tcn_ oos._:lbLe,

design verb.n-lcat,on wi, t[ be satisfied by anaLys_s. ' "f _*''_cs._,,o xviLL bc

_erformed. where anatysis alone is [nadeq_:ate :o ._rov:,ic _':c :'equircd
confic_e nee., .

6. Z.7- Sunnort Equipment Operatic_ Proccdcrcs :.-.ESofty:an',':.

During the dcvcLopmen_ phase,, support equip,_, cn_ opera_ir.g proce-

aures and ._oftw_.re will be de '• vc_op_d for use during the opcra_.ona:

ph a _ c.

6._-.$ ' _[.@ctroma_net!c Cc:::_at[3[:.:.t',,. ,--._cc:ror,-,a-_nc:ic ccrr.-

patibiIity wfi[ be verified.during _-&i verif;cazion _es_in:/ (EIVT). Only

eq_ip.-r.en_ w'hos¢-fz£kure or pre.'-na:,_re f_nctLon cou[_ cause [ou_ of

,/chicLe sy'_:,_r;:s,%oss of-_ers._nneL caoa'o[;'::.,-, or dee:rue:it:', c:" :.rc, ar._

syslerns _i.fl be: subjected to susceptibility rests at .he subassc=r,b[,/

•[eve[ (bta.c'.c7_ox).

6.3 CEFCflFICATiON

6.3. i Certif;.cat_on by q'est[_::' Cc_';::ca-lon._... gf Z:'ounc _c :-_c.:'...

equi_-.en: :=_,,ze.s_ing, when reqL_irci, ,_.'."',, $._ -:__r:or:;-.c c:: nr_%-:_c,:_.:

conf[gurei e_:;_ L_ems to ver:_fy zha_ _he fractional 5cr;oz:r.: ace u. c,_.:.-

oor,,_.-.:._axe z.sscn_b[ies En sDeclfied envL:-o;'.::.c:::5 :_ :.-.c ...._,_:ncc ,,v;::_

_Cz._r.._.."._ _,,._::/orr'i_ce s]Dec,-z-c_.:LO.-.s._'c$: re,:!'::L't';-_r.,::r.:_ ':,':;; ::: ,; ,; : .:::-

nc__;:: o::-;_e equipn-..enz. _e$-_ • "
• - _o . - . , - r .....

_.--_"r.C:eC_ZC,Zm C_'ty' _!:e cr:_tica_. ...._,.o... "/:.e D ,.-, _-'rOToC': ,_1,,,:,:.

-c:e:zzLfy an =_._-Jrove.tha_ CS_ i_r'- cerzL.'_caZ:or. ,,v::;' ....-'- ..........e--,_ -_..............: ::: " " " "

=c,z_-.g or-s-c:aLysis required _r. acc_:;or, zo acccn=ance :-_s:i.-.£._,:::.,-c..

wLtL he "oz._c:.d on expected env'lror, rr,,an:a[ cor.d.LzLor, s, opc=.-,:!cr.--:, co=::-" .-.,
or :-.a:'d_v-__rc:fhf[_re which could cause 1o_s of veh.cLc ,_7=_::'._ o'," :.. "-

no: ,. _-,W_ ....._._.
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6 3 2 To:::{:']: of Cr.::._,,_n_'r, ts ar.d c,:i;.-..{:-<.:':'::',_ies. T,'",::- ....

cf cc, rr.p_r, on'_s ar.d s_:'_ass_r:'nU_ics will bc acc.s,.'.:_',_:.i'.cd on :he i'.._,>.,_:
_ .. ' _ I bi'r'_pr,_c_t,:, leve_ of asscmbL'/. Vcrii=cutioa ox :it,: ._,_:. :::,.-.c_, '-,- aapa-

bi_i;y oi ._:u:_ort equipment iten:s such as ;tk_-_[iics, p:,Itct._,

_:tc. , will be perfor.'-ned by applying load(s) suii_cien: '_o dcmoa_:ra:o

_'he desired safc:y marg.n of "i:e i:ern tes:cd.

6.3.3 Vzterr.a:. _n,.,i:'o.-.n:cmts;. Zx_err.ai c. avironn'e,.:s ._c[ec;cd

._,., :_e tlnn._e v.,n:ca :,:e hardware is expcc:cd =o ex)c2ieI:co in l-_

s_rv_cc.iiie. Zaviroarncn:zl _es:s =:ay bc ccr:'c,r:::_d wiC- o:-o c,:-

several e.-.vironrr, ea:a[ parameter_ imposed, de._ondin.= L:._or..:he

_robahLe de_endeace, :est realism, and prac:icaii:y of :ia¢ :ca:
o

'eorZiguration. _hc: environrnezt levels and d_ration_ \v:,:.L be charac-

teristic of the worst case operational condi:ions at an)" test si:c
..

and will demonstrate the design iategrit,/.

6.4 ACCF.PTANCF. AND STATION S=-T VALIDATION

6.4. i Accc,_tance Vo ;r-_.r..__.ion. All _uppor_ equipn:cn_ _i'a__ _

-_ub3ec'.cd _o an acceptance ver:_ica_ioa to dcr,',cns::'a:e .'.-,a: :::c, eq_ip-

rnent satisfies design requirements asdocumented it,appLicabLe

acceptance specifications.

o.4. Z Acceotar.ce ,es_,n,. Acceptance testing snr.[_ oe non-

destructive and is ;o be planned such that rework a= repair c. :he

equipmen_ shall not be required subseqaen: :o sacceasful tes; com-

?_e_ion. The tes_ sb.ail encompass opera:ion ol Cue uaLzs or corn- .,

portents in _heir norr_al modes in an ambient environment.

6.4.3 Final Acceo:ance. Final accep:aace of e_ce.:'_c_, GS_ _?.aii

be accomp'-z_-hec a: zne ....:"-c_o.._ _-' set or azazio r. sc._- ,_:vel for wi:.c.: :ha:

GS_ is programmed for use. STE and mechanical GSF. shall he accepted

a= _h¢ end ;;e.-n Level aac_ validated at the _s;ag s_,_.

A[_ acceptance checko_; and sta;xon set va_,d_.o., tea: rcquiren:cn':s

shait be s:ructared :o adequa;ely verify the eqai-_menz wi:iLc ..,.n,........ :",=..0"

unnecessary" redundant testing•
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7.0 DEFINITIONS

For the purpose of this MVP document; the following deft-

nitions will apply:

A_cc_eptance Testing - Tests to determine that a part, corn.-

ponent, subsystem, or system is capable of meeting perforrn,_nce require-

ments prescribed in procurement specifications or other documents specifying

what constitutes the adequate performance capability for the item in

question.

Asseml_ly and Buildup - The process of combining connponents

to _orm major assemblies and]or subsystems, which in turn are combined

to form ,_'comple_e SRB element'.

Certification - Q_,alification tes ts,_major ground tests, and

other test and analysis required _o determine that the design of hardware

fromthe component through the subsystem level meets requirements.

io

s

Certification By Teeting - The process of conducting

tests which norrn_lly are considered qualification tests

plus specif[c additional tests of components and sub-

systems and higher levels of assemblies required to

certify that the hardware design meet§ established desi=_n

requirements: Certification by testing does not generally

include development, piece-part qualification, acceptance,

or checkout teats except where such tests are specifically

_dent[fied as required for certification.

Certification B_" Analysis

a_ Analysis performed to satisfy certification objectives

when testing under simulated mission conditions [s not

feasible or cost effective, or the need exists to extra-

polate test data beyond the performed test point_.

be Analysts performed to show that an article is sin_..ilar

or identical in design, ":_-" -" "r;_n%._u_u_,n_; process, and

quality control to another that has been previocsiy

certified tO equivalent or more stringent criteria.

Checkout - Verification that the hard_v_.re functions xv[th[n ore-

scribed limits when the subsystems are operated alone, or together _.s an

integrated system.

C0.-nponent - A combination of parts, devices, and structure,

usually self-contained, which performs a distinctive function in the opera-

tion of a subsystem. A cornp'onent "is commonly called a "black box"(i, e. ,

tEA, HPU, Frustum, Drogue Parachute, BSM, igniter).
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Development Testing - That testing performed with m:.n[mum

rigors and contrGls to verify a design approach.

Element - A major item of hardware which° wi_en combined

with other.major hardware items, form,2 the Shuttle System. The clen:,.nts

of the Shuttle System ,_onsist of the following: Orbiter, SRB, and ET.

%

Fail-Safe Testing - Tests to verify that a failure in one ire:r,

of hardware will not cause the rra-_lfunction or unintentional operation of
another Xtem t_f h_rdware.

Functional Paths - A serial set of one or more functional ele-

ment8 (i. e..LRU's) constrained by she following:

(a) It is either the only path ca-)aole of pcrformi:,g :he g;.ven

function, or it is the smallest set (shortest string} of
serial elements for which identical or similar serial

elements can be substituted by auton_.atic or manual

control (on board or via GSE) to perform the sane,._

function via a redundant path for fakl safe or fail opera-

t/oriel capability.

(b) The string rr_'Ly contain non-controllable redundancies

within itself to assure a satisfactory N_TBF for the

string (i.e. redundant components within an LP, U), hat

m,tst not contain redundancies needed to provide fail ..

operational or fail safe capabilities. __

(c) Any point along a path which supports several "dowr._:rcarn"

paths must conszitute the ter:z-:ing_t{on point of the "ur, stream"

functiona[ path and the starting point of "downstream"

functional, paths.

GSE¢_";""_,_._,,,,Set - The GSE and associated sol,rare to orovide

overall ground support to a specific activity or obese of vehicle assc:-r:b_y
checkout, and launch.

Incipient Failure - A hardware in,lure due to human error

wh_.ch goes undeiectedhu_'ing acceptance tests and/or checkout, but later

affects flight operation.

Life Certification-A test struczurec to _ertlf 7 that des[g:: llfe

requirements (maximum operating time/cycles without degradation of

perforrnance beyond acceptabie iirrits be/o_'e re[_iacement/rcfurbishrnent)

have been met.

Major Ground Tests - Those ground tests which involve the

combination cf systen-l eiernents, complex f_cilltics, large or expensive

hardware segments or a comblnati.on of the above.
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G'.',:r:_,t;'c._s Tes:i,-'._. - Tes:_ whLch consi:t of "[r.crc_cd ".it'.:.:

stre.q_ (i.c.', v_bra_ion, _n_rn'_%_, a!t_u/e, c=c).

_rc, o f ?c_ _-- A structural tcst gc.".crail 5, conducted _.n _rc_&urc

vusseis, r:-..isccllaneous structural con'.,ponc-ts, _-ruc_ura! _-s$cn-.blLcs o._

n'._.chanis_-ns to ensure ton'i/once in the .-'..anufacturei auricle.

..,.._ ....c_..on Te_:s - Those _cs::. conduc':el a_ ocy.- of :h

certification progra_-_', to 6cn%ons_rate th_.t des[g:: _zd DCrfOrn'.-_nce zcc&Lze-

rncnts c_.n be realized under specified conditions.

• Stackin_ - The process of alternately n:_ting :he :uaSor booster

_acrnblics ana _,utor segment& on the _LP, - - "_:--

assembled SP,_ cLe.mc::s.

Subsvatern. - A major functioning entity consi_...,_-_'-_of t\,'oor

_..nre n.r&_ve.rc i:em_ _[_h[n the elements of the _'_ut_:c 5ys_c..--._._$.d,

for instance, sh_-ll be referred tO as an S_._ subsystc_'_..

Svste."n - "/he _rincipal functioning cnti:y of the Orhi'cr,

Suzce Sh_::;.e .k_ain _-.ng_nes,Ex=erna[ __ank, anc bohc .._ockE: Boos:or r_..a_c

ir_.o a l_unch vehicle :on/i_ra:ion _orming the Shu::[¢ System,

.- ..

-2
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8.0 ACRONYMSAND

A CO

APU

BSM

CEI

CHL

CIL

C/O

COFR

COO

DDT&E •

DFI

EEE

E&I.

EIVT

EMC

ESE

ET

FM

• FMEA i

FP

FRF

FRR

FSM

FVF

GFE

QSE

GSS

HPU

ICD

IEA

JSC

KSC

LPS

LRU

ABBREVIATIONS

Assembly and Checkout

Auxitiary Power Unit

Booster Separation Motors

Contract End Item

Certified Hardware List

Critical Items List

Checkout

Certificate of Flight Readiness

Certificate of Qualification

Design, Development, ,Test and Evaluation

Devetopment Flight Instrumentation

Electrical, Electronic, and Electromechanical

Electrical and Instrumentation

Electrical and Instrumentation Verification Test

Etectromagnetic Compatibility
b

Electrical Support Equipment

External Tank

Frequency Modulation

Faitt_re Mode Eff4ct Analysis

Functional Path

Flight Readiness Firing

Flight Readiness Review

Fuel Supply Module

First Vertical Flight

Government iVurn[shed Equipment

Ground Support Equipment

Ground Support System

Hydraulic Power Unit

Interface Control ]Document

Integrated Electronics Assembly ....

Johnson Space Center

Kennedy Space Center

Launch Processing Systern

Line Replaceable Unit
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MDM

M LP

MSFC .,
.''%.

MTBF

MVGVT

MVP

NASA

OFf

OMRSD

ORI

PCM

RSS

S/S

S&A

SAIL

SE

SMSI

SMV}'

S R I]

Si{M

S RU

SSF

STE

TBD

T VC

VAB

VFT

Multiplexer Demultiplexer

Mobile Launch Platform

Marshall Space Flight Center

M,'an Time Between Failures

Mated Vertical Ground Vibration Teat

Master Verification Plan

National Aeronautics and Space Administration

Operational Flight Instrumentation

Operation and Maintenance Requirements and
Specifications Document

Operational Readiness Inspection

Pulse Code Modulation

Root Sum Square

Subsystem

Safe and Arm

Shuttle Avionics Integration Laboratory

-Support Equipment

Standard Manned Space Flight Initiator

Shuttle Master Verification Plan

Solid Rocket Booster

Solid Rocket Motor

Shop Replaceable Unit

Space Shuttle Flight

Special Test Equipment

To Be Determined

Thrust Vector Control

Vertical Assembly Building

Vertical Flight Yest

- .- . .

NASA--MS FC---C
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GEORGE. C. MARSH;A_.L .SPACE FLIGHT CENTER

SPECIFiCATiON CHANGE NOTIC_2_,No. 0 0 5 • _. __

EC_; ECR NUMBER:

CONTRACT NUMBER:

N/A

6. EFFECTIVITY:

z, PROGRAM-'ITEM:

SRB

5. APPROVAL AUTHORITY/DATE:

SB3-00-9568. 4120176
i.

PAGE 1 or
DATE:

April 8, 1976
SUPERSEOING:

3. SPEC. NUMBER:

SE-019-019-ZH, Ray,

FILE O_PO$1TEI_E_-.r-,CE SPEC,

See block ?

A

PAGE NO.

SRB 001 + Subs

7. EFFECT OF CHANGE:

Page 5-9: "

WAS: 5.7.6
m

5.7.6.1

5.7.6. Z

5.7.6.3 •

SR_B Vihroacoustic Test. Several tests will be conducted to verify the

nose assembly and forward skirt for structural adequacy to critical

en%d/orune ntal levels.

.C:onfiguration. The test article will consist of the nose assembly

(z_ose cap and frustu_n) and the forward skirt. The components/

sird_ulators will be attached with dight type brackets. The aft end c:

the forward skirt will be provided with an acoustic closeout sL-nu/a-

ling the forward motor case dome ....

.Objective. The test wi/1 veri/y dynamic design and test criteria,

and qualify flight structural hardware components to the dynamic

flight environment.

Re.sponsibLlities and Location. lVISFC Systems Dynamics Labora-

to,rywi_ be responsible for the test requirements. 5SC will be

responsible for the test plan. The test w'_z!lbe perfcrr:;_ed h_ t:-._

Vihro-Acoustic Facilit 7 at JSC. Estimated test start is August

1978.

IS: 5.7.6 Deleted

5.7. 6. I I:leleted

5.7. 6. Z Deleted

5.7.6.3 Deleted
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l," NUMBER: 2. PCN:
MSFC

ENGINEERING CHANGE REQUEST
E L4 i'0426 0 12 68 (See Instructions on ,"e_e_e)

- o rfi5. TO: 6. THRU: "_

SA41/George B..Hardy EEll/W. P. H orton i _'
8. TITLE OF CI4ANGE:

4/]2/76
7. _oh:

I OF

._ EL_3/L. MaLmay

Rebaselining to the Alternate Program on Schedules and Requirements
9, RECOMMENDED PRIORITY:

[] Em_rncy [] Urgent

11, PROGRAM(S)/PROJECT{$) AFFECTED:

SRB

13. RE.COMME.NOED EFFECTIVITY:

SRB Vibroacoustics Test

lS. RELATED CHANGES (ECR, ECP, CR, etc.} BY NUMBER:

SRB CCBD SB3-00-'0136A

[_Routine

'I0, NEED DATE:

12. ENDtTEM(S) AFFECTEO BY NOMENCI._TURE:

SRB Subas semblys

14. BASELINE DOCUMENTAT!ON AFFECTED ISPecs, ICD. etc.):

SE-019-019-ZH, Rev. A

SRB VerL{icat_on Plan

16. JUSTIFICATION FOR CHANGE {InclUde effect if not tncorOorateO) (If necessary, conl;nue on MSFC - Form 2327-1, continuation sheCtl:

This ECR is submitted to satisfy a requirement of CCBD SJ53-00-0136A against
EEll/P. Madole.

17. EFFECT,_ ON:

[] Hardware

I_ Softwa,e
[] Fa cdity

Requirements Documentatzon

Schedule/See Enclosure[or impact)

["-] Cost (Estimated cost ,nctuded in Encloxure __...__)

|8, DESCRIPTION OF CHANGE (Inclual reference to enclolurll} (If nlClSllry, Continue on MSIcC • Form 2327.|. ¢ontlfluatlon InNtll

SCN 005 to the SRB Verification Plxn, Rev. A, is subz_i;tec[ to delete the =equiremer
fox- the SI_.B Vibz'oacoustics Test as approved by SB3-00-0136A.

19. SIGNATURE OF O,_IGI_ATOR;

• L.M.al.may _-7

S_GNATUF_E & ORGANIZATION

.. , .. .

L .. ,.

2}.

t
CONCURRENCE

DATE SIGNATURE L ORG_.NiZAT!O,_t OAT

TECHNICAL APPROVAL

StGN_TURE & ORGAN',ZATI()N DATE I S'.G_-f_._tjr_. e;, OKGAN=Z._,TION

!

I

i

J_

.... _ _#c--c--
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